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Alfred Russell Wallace, in the /?#»««! 

August, 1908, p. 140, in m article on ‘ The I'roseal Pori* 
tion of Darwinisru,’ writes as follows: 

‘In conclusion, I would suggest to those of my 
who ure interested in the great i|ue8tions a^iOLiali^ with the 
na ins of Darwin, but who have not had the means of study* 
mg the fects either in the field or the library, that in «rd#f 
to obtam some real comprehension of the iwie involved in 
the controversy now going on they should read at Iwl am 
book on each side. The first I would rwtiinm'-nd h » 
volume by Mr. R. H. Lock on •• V'atintiim, ll«»rp«hiy and 
Evolution” (1906) as the only reemt book giving an m,» 
of the whole subject from the point df vie w of the 
and Mutationists. When they have mastered Ihhg ) aidl 
them to read my own book <Mi “ Darwinitm " 
though published before Mendelitffl Iteeame pramincailf 
gives some idea in popular language of the va«l of 
subjects which Darwinism explains, and adduces a MsAcriMM 
body of facts to show the inadequate cd the whtde mrim of 
phenomena yet made public. 

‘ Having read these two wcmtIcs and again eoosid«nMi Itw 
arguments addu<»d in this article, I lotve them 10 tam^ 
their condusiems as to whether Daminism b oc is not •• 
“unsuccessM hypottiesis.'” 


*Au'R« 0 E. WAWi.*Cfc* 
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|jf»nn whi^it lw«’n fii;Klr tn th«* j»rwril f’+'»n«* ; 

A UhI «>{ ha'* lirt-n .iittlnl ;il lh«* »*n4 

nl f 4‘ li * li.ijiffT in* lmf»* «*nlv .t •nti;i!l iiittnhrr 
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I,). 
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iw«li(iel, 

III ('hapirr IV, ;» t4 tlw* t*«i*«*||i* ir-ni »j( 

V«fMit»ilily litt# 4tltl«i. ttiwl ii tl*iini(i* 

Iw* wKh t«i tin* lli«*<»ry «•( tln» 

pMlr liilf, 

'ft# i;ij4|»i<^ V Hi«»rp li4V«* liwn aul*!*’*! iOi .nrotnif of 
Ihf irfl«t ttl ei^itirmi ujnm .m*! .i 

lilwl l« the iirlttkiill pfodmliuM «4 
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|'«»t Itir t*| 1 l«* ftivr 

4 4 rr«it»«t Ml W ba» in'rully 

lltr * jjrnrfi*,*.'' vift rSii|*n^UiH Wrllirh nilDtri^litiy 

ihrit ll4«»j!«r l«i 111** SlIlT**, 

lli<r itiraitiHii *»l 111** * i|i!tiriii:i» * it n<il yrt rlr'arly 
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m ilir in»l4iw:*f a iwiiirwlial miiir 4r>t’»i|itsvrt 
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%*ljs<h I hi«l mpl.'itrcl. I ««hnuUI h'‘«'V«'r, 
!»• r'-rjininKtuI Dt. la .uiy 

tf 4«Pt »3 h» !<, j|,* ftiiri{t>*r inl« th*^<* 

I 4«»i in4«-!?i<'t| la wn -i! {rKn<t% (or cliir>Hu 

ihr nf my work ‘Ifilr K. P. cir'-fory kiiiTly 

t<-4<l ff»rot»i4» ifi«* }»r»»<4 «4 ((}*« t'jj.Tijifrr »>« r%‘io!<,gv : an»! 
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l!ir 14%I 1 Iftr |*|tTii^Tgf 4|lll mill* l| 

¥l|| 1 1 I 4111 j-f;i|'iirill4fi^:^ glilirflll III Mr. II. IL 

lliffrii iiiifl t.# Mr, !♦ V-finf Yiilr im l«.i wurk 

liam rr^4 Iritlirflii 4|^|^P"*itr4 m |ilifll. 

If* 4C klitTWkflnr Ilf - illflllr||C€ 

|t.igr^ |:% m t|||||f:i||t inatlrr, 4ll4 fltlt 

ilir |r-5ni ml tw€M%%x 1 tirlilfrr4l«*lf frff4lfl«i ii 

l4f m imrnmhh itum tiiiii wlulM llit^ 

mm m f*4ir%r t»| iii llwt it iiiiglil 

frl^lll il ^mmrnhy mmw , It ii 

llirfrliitr « |r4| II 14 I Ii III fl«# inf fit 

ilrlif irfic lltil, 4|*4il lilt" lari Itial I ^liti 

lili i4«*4ii at ifitifr 

Ili4ii rfailfl I'M I «w» 

I## III K 4 II 1 fiif lifil III liir 

III gciirii* m%4 m *4 4gp|il#flf til 

flir III 1*41 nt Wttl If. 

I |t,i%‘r tii ik^iiik Mr IfH kiti4 |W* 

tm frptminx** 1 ill «4 tll't iilliei ; 
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a, for the pn«ht o! «. ehcrflent : -v 

1 rr^ide Gallon for the toaB of » pMonra,* 

ton. earlier i^dnclion. a,- ... 

Maniel ie repnrfnced from the f..ml..p.o.e ... M. 
feteeon’s ■ Drfenm,- by the permba.™ -f 't-r ' 

oJlheCambridgeUnlverBtyPteaa. Ma,m.i an 

md Co. have kindly nllowed the .ept<.lmt.m> -I '!“• 
di^ which occnpien p. »7. and of .In- taWe «..| 
to on pp. 89 and 90 . The ««»." '.’''"S I'.' ' 

jBd 150 are from 4. Vriee' • Mnta.i.malh™..r. 

j^i^d by M®ms. V«t. 

llie attaapt hai bc«i wade to feiid«»f tli** l-tllabwnw 
pages intdligible to the fwicral *«»der. a# well i«* 
the more scientific ptibHc. to which they *tr 
addressed. A short gtowafy ha* been a4d«l. whi*li 


may be found osefnJ by those who Iwve m 
aojuaintance with btotoi^kal terniia 

CaUBRlD®!. 
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tn'i'ls?!* .'ittuti «>f rrnl‘ . 1*1 r>nr 

»*• .if. VI IT Iimw i««KlsfKii| iiin<4 <»f Hjii'cn'*! ihi 

.niii.iHv in Niitut*', -ii wi-ll iw 
iiTrt . .in«S i}i«'V w,»irh »he h«*r»*dtl,iry «»l 

i|i< fti'HliAf-d fiitttin will'll lik«’ H limi wilh ;i«4 

wloti •iri* rttw,>i«*4 ing«*fhrr. I’m !!«• 

ilu «<iy «♦( ninfririftii v< ii‘*w nnivi'fii^Uy .M.ii'jfii*4, 

Ml ij»<‘ «.r^[.iiinim'* witli wlikh Wf .if*’ n<*w f.ttiiili ir 
imt ilii-if jiii’Miit icrli.ir4iel»Tn*tnj:» tn tlir* ,trrnintil,iin*ii 
itf 4 wri« >1 i4 « li4fiK»'!i willltlf to wlin h .ir«* ilill 

111 <•’»’» If ll.l’*, lh«*fr flirt*, lik'4v to 4 

(iw ih,!! 4 fnrllinr nntlrrsiitinling of ih** |irtr.< swii «»f 
rvolnitnii mirthi bt* Uy a ftisuly, 

fitutSy, »4 VMtiaitnn, nr thr wayn m whii:h iiff«j>ri»ig 
ilifkf frnm Ui**ir i atui, srcnmlly, «4 iiiliffitanc**, 

»r I In* way* m which the rcwinhlaticm In iwrcn {larcnt* 
ati4 llutfir urtiijirinf me (wriwtnatcd frnin oiin genera* 
I ion In mm her. 

Ii may be well in jmiiif owl at mo* that ilw further 
iMlM4y of the mrilMal of m igni «f new *|iecie*, aiimitting, 
a* It dor*, that tin* prao-** t* not yet by my mean* 
fully MiiiIrr*i*io4, dor* nm for thi* rrawwi imply that 
III# ihrwry «f ntgmic evnUition ItjirW i* ojwn to criti- 
cbm, Ihr rvithnco that new *prcir* ttri*« l»y the 
mndtHoiftoit of jifr«#xi»tiiig «jircir* i* quite indejini* 
dent of tlw rvnhmee that tht« iirwonw iiivariaWy occur* 















render impos: 


Let us next comider a pillailiit rxainj4< 
of animals in which the discriniiiiaiion »»f 


with the majority of i«iU« anirtwl* 





Ivsltl^ hv «^ttr|l|.il ; twit 

III !ltr 4 ^illlllilllv sttllle f4 ritg4tl% 

tpS 4^1^41 !<♦ Il4t"r Wni ils%rwrfr4 tf ilirtr 

f.iit feifmrd till* r%mt%ph* «f «4w«l% 
411 ^%€0pimm In wil 4 l wt 

llimt h^4k . 1 % tfir grfiri^l fujr fll4f 

.I|r «i|| fiir wlpilt- i|rf||||lr 4tlf| <il%t4|||f |||lilj||f 
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could be passed on by inherltancr uom 
spring, and so accumulated from gcmmitm f o «< «• t « 
tion. In the case of animals LamArrk i:oiirr}% < f| » 
production of a new specific form to t^kr pUce m iIh- 
Mowing way : Owing to some change «f eairriwl mn- 
ditions, the desire to perform some new kind .4 
was set up in the parent species, and by flw* Irirdiiaf y 
effect of the striving oaasioiKd by this dwirr a niwli- 
fication of the organs affected into forms Irciler ftitrd 
to cany out the new function was gradually acbirwd. 

Thus Lamarck 8Upp<»ed that snakes wrrr rvnivrd 
from a pre-existing type of animal whkh was of a mvrh 
less atMuated shape, and which possnmrd iwo paits 
of limbs like any other vertebrates. And be Mipjiosrdl 
this evolution to have taken jdace owmg to ibc fain* 
stant striving of these animals to pa** through narrow 
aevixs ; the effect of such striving being inhwited, and 
so accumulated from one pneratsw to anmhef . 

In the case of plants, in which omseiou* effort i* 
precluded, a rimikr wandt wu suf^poaed to haw bee® 
attained by an hereditaiy aommulaticm iff the effedi* 
of the eovironment. 

2 . the explmtion <d l^uwin, or at kaM the Heo* 
Darwinian iixm ot it, as iate^eted by WaliMw, 


Ilir tinw wiiicli nmpmm llir ifitigrM 


Atk^iilAgr met tlirir mhm% Itmt wrrc* iilik tci 
cfawl tliffiiigli nmtnwrt liriki, mid t|i*it fur tlii.fi irii»ii 


IPT*’* wt^ iiiivf* ii ririirr inr 

lliiifi fir mpmmirm tif Liiiniiri-tk'i lieeaitiii* 
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' ' ' ' ' . 1 ! 

^ Wfll mlw. *^***^ ^'^‘*" ^ 
thantheirpr^«^*^ - „l „at««.4 

aw worn wiH be mtvym oy 

■"leiection* nrmtrifltft Me of tb^ 

tion to seek m a ^ preiunwWy e*hil»He«f 

loK, of tho UCMtonrf «lw •»">'•»' ••' 

snakes. ^»»s i-ian tJteorv. Mwr«»v«r, cbaon*'- «f 

a dosely “*”***^'^^ . * pl^. At I be tllfW* 
actually been o ttmt nwilMlw^ mv iwi* 

s » ~ - 

£Sa=r-..i=.“- 

necewty be wito. 

/k«» «4w{nff •Atwo a w»<Mi.«t ei tlto ftrt^ Ibeoftoi ol 

■ ■ «voIation, we *»«** 

with which w# a«t «w* PM>P»*F *™^*”*^ 
Jects witn wnwi 

ihiu to to «y. «■ *®r ,. ,!l, „-rik. *.ii. 

m vMtolioB ««l mw^ rT; ' 1 ,.,„,|.o 

tWr l*«rio« 00 th. thcoriei ol ««*««• «•» 

' dace w« <to«ib* mf» weefli ilwtiic* mhmk 

,„ »W ouot -fOi 

mmm 'mnmm.. rm 

' il«i«fibid «* «»«■ 

unMitfy*'' , ' . , _ 



MENDEL’S METHOD 


i«) 

*4 • v« n in!rr«*st, howi'vrr. an' the more 

••liiilh « xjH run* ulal n s^arrlu s whir.h lia^r 1« r n j»u})- 
IihIihI wuhni lh«’ l.Lsf fivr or mx vr.in*, Jn fli” fir**! 

\vt‘ fjavi* fhr* oli}i*-rvaf ions of ilr Vrii*H, who has 
inu«wSn«« fl ,uii w ini'ihodol stinly Ih.ii of « 
grral luittiJw-rH of stalling plants with lln' o|ij«T,t of 
(fisf»»vrfing d'-finifi* n«*w forms or iimtatinns aimaig 
fh»'ir nnnilwr. l..tsily, aiul m its results much 
tfi«" most important «f all, wr havi* fli«» mothwl of 
Monde!, pnlihshed half a cenltiry ago, but only re- 
cently bfonglit into promnieitci* owing to its redi** 
rrtivefy ami «onftrmatinn liy three imlrp ndent workers 
- Correns. T*ah< rmak, and de \Ties, This method 
rmisists in the i loss l»reeding of strains of {dants t»r 
iiniinah which ditter m definite characters, and in the 
statistical examination of the itrofMirlions in which 
Ihew chatactefs apjs-ar among the otfspring obtained 
from the rrosws, 

l•nr»ll«r exjierimenis on the lines which Mendid in- 
dicated bill fair to revohifioniite within a few year* the 
art* of the liftx'der* of |»lants and animals. This is 
due to the fad that such exja-riments are leading to 
tile ml rmbic t lort info these {lursuits of a degree of 
sdeiitilk exactness which was previously altogether 
imforeiierti. The change in mir ideas reganlmg the 
mrtiwdof hereditary transinission of rh.iracters, which 
has testtitf'd from these ex}a*riments, ha» been aptly 
compared with the change brought alwnt iu mnt’s 
undeirfamhng of the science of chetnisiry by 



order a host of phoooinofiaj 



EUltEHICS 


21 


li^iw f;ir frtir rrrrfitly arf|ii!rrci kfiri%%'!<"r|gi'* nf v;ifi 4 ti«in 
*iii4 liri'i-flify ran 1^- applml In iiiaiikiiiiL ,iiicl In ' f!i# 
ftlinly nf iiiifirr social rnfifrnl tliaf iii;ty ini* 

firn%a;» nr lllijrair itir riirial «jiiatltir» r$f fiitllfr gnn^ra- 

mm jrmu Ain w, 

tm-€> Will hp kmn4 ti^fiil t>i 

iKf fulfil «fi wliir.lt lliry cniilaiil : 

T, If : knpPtimmntM iCmilngy, ttptf, 
Tiiniiwi«. J A.-. ' llrarflity, 

Tli€i» ifiay tiT' im imtkrt fpkmmtm 

at llit^ nl" riw;li nf llir Irillntk'iilg 




EfOLtJTION 


t1^ prc^p^ve tearwtte to ««R^«M<y ^'h**^* »* 
^bo^arteristk d m many nainrat |«m©w(«i *« 

^':m$dQniii by «» fact thai a • ’ 

Lh^mbdiji Oft k tmmaS nah l«r mme li>aa «» * c ■ 

w**> p««s»*4 


VXQtMtUm OF MATTiai 


|fV If* S}K-'ficrr.^ wlm }|.a% fu’^rlitips «Fiiir ftifirr fliMiit 

snx In r\ta}i}i%ll mil4 rfti|ili;i^i^f* t!ir aj> 

|-lii;iltilitv Ilf llif^ iilra. Fur llir liw r»f 

Fv ri f iliii iriii i% Fy fin itiraii^ emimivt^v lu 

fir ut rtfiiiiiig iittn r.%t^rnm «»f III** iif 

;iii4 Fiiiitn. Oil llir rritif raryi it %v;i% r^iHiiily 
Wi41 :n’f|ilirf| Fy in th^m:nlw iIp^ iiititiiirr 

III mliicii A.rr in iiriwti Ilir %tM% uml 

filirr lirmrrfily iF#* griiF^n^tl itr;itA Afifl 

gfiijitiical rtiiiligiirmtifiii nl thr raftli, mul tli«^ %'ariiiiti 

Tlir iU%rm-pty iIiaI cfumiiciil rlniiiiitii 

Wfili;li ilff* tlirlli.^rlvr^ llfil imm%tii%hy fills liis-fi llimiFl 
Miirr S|i«-tif.rr*s Qmir rrci^iitly * iIm^ l*lit*iitiitirtiti 

r4 iis in Irlirift* tlnit rmiiiifii 

i% |a.%^4iig rmntmmmlf mn iirliiini/f 
iii«iri'? Ilimti 11 hm trrii 111 . it rtiiliiiiii 

m MmM Ifmn iiriiiiitiiii. Tims Ifii? ilr^iiiiit «if 

itir me in Ii4vr lirrti iitil wlmlly 

Fir liii |fftiF4Fility is ilrniig 

• fitm llir llltifti#t4#iii i |ir#4ftliMg lint 

tri||f^llirf i*i li^fi \mnUe% m H ' ratiir/ Iti^ IHiitlt* t« Iti# 

Fjsikmitif lumnUr A m$%m4 i A»flirr m 

iii mr i m »l llw 

|i4#fl«lr% mi Hr tmn m tir ♦tr|glilii#iitl|<ti^i iil llir 

*4 iMtllimmm . Urn «ll Fr4t, Ii#l4 4 #|*4f I -- 

«#i iiglil, 

Imn im ih%$ pl4c<f<| ti$¥#rt«i 

iti 11141# lli^t ili«f *» mm4 III 4 
TIr wl Um mm^U ""mum* «i««l "rlFii/ llwngti 
wMmi tlfitilf trimiilte# mniim ^mwrnmni^ 4fiit li nw4 wnk 
lli^# In mn whf lliey tliimlii l«a*i te iiiiittiiitf* 

^ *Tli# rif 

i 
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tS 

unfil lit !.»<.» it rrnir.il masg, wns l«f», ,-jn 4 Giifi Ixr/imf* 
flK *!ifi hiifrllilps wifp thr<ywn off from s^vrr.s! af 
thr- ji>ltnrt<i )mi in fhr wm** way »'• <h»- iht m* 

%>lv«*n «rov from the original n*h«!.t, a«fl Sa! urn's 
rings arr to an showing this jn^r.rhs in-ftt n«»w 

in room*’ *»! ojirratioii 

Sin ti II lEsrrijjtion as this may apjwar faimfnl at 
first sight, hilt It was worked out tjiianlitafivrly a* 
Well as fjiiahtativrly hy its .nilhor. and wan shown to 
explain in detail a mnltfliide of phenomena- Sfwncer 
|mnni» wit that when we have, worked ont hy one of 
the first of maihemaiK tans, a deftmir' tln-ory of plane- 
tary evolmion l»as*'d «»n i staldisheil niechameal lawiii 
and one whtrh a«eotints m a HUtisfaefory WMy for all 
the ko«iwm phenomena, tin* eonehtsion that the solar 
*y»irm rrally «hd arise hy a proce** of evolution is, to 
«y the least, ditlicull to avoid. 

The esiahhshment iiiid propafation of the idea that 
the present eondition of the earth** Ktirface aroit 
through a eourne of gradual evolution, by the agency 
of such proceiMW* only a* are known to be in 0 |ii!ratioii 
at the preseiti day, I* tin* great mntribufion of Sir 
Chatlrs l.yril to the science of fe«h^> We may 
brirfly trace the evolution of the wlea itself, tn’ginmrig 
with the sjurciilation* of Werner, wdio, from olwtrva* 
lion* of I tie griih^ical format ton* td a linilled tract of 
roMiiiry, came to the mnctuaion tliat the *ucce**ive 
sliata were jirecipitated one by one from an iinivefMd 
Oi;'e»»i. Herr We its* the ttfSt ferill of the id»*a of 
fv<4ution embodied in the notimi that the itratiied 
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rocks came info gfa.l«.,llv an4 

operation of a supixwrtt nalural 

A great acivance up.m WeriKt*- .... nu4r 

by Hntfon, who. ole.’rv,t,g fh- baoi.t.-n .4 .n ... 
at the present clay from th- ^.ImKo. ^ .1, 4 
by rivers, concluded that tlv 
deposited in the same manmr Si..e, bv ct- 
continuation of thb proiT« t!,. c.unn...i. nr.,.f 
gradually become reduced to iIk k..i <4 tt,. 
Hutton M»piw»ed fluif at long < f sh^ 

action of subterranean heal i«c.» and 

frerit continents were Mpheav <4 .i 
panted by the outinnifing <4 the 
the true origin of which he had duly 
In this theory a hy|»oihetii-.d still 
we have no actuitl exjicrienre td vast ophras .k «d «j»r 
kind which llutfon supineirtl i«i have lak'-n pla-e 
Lyell rfiowcd that «idb slight change* .4 |e*r| 4» mr 



fniifr rrrmf lh«* nubj 

V*’**^* ‘Mt** •hr K**firft»us 
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found to show a very fair measure of -lud 

they led to the conclusion that consitlrrahly !< « thm 
f a hundred million years has cla|>»ed since the f-.i 
! mation of seas upon this planet, an evruf whi. h 
have preceded the possibUity of a«j«couj* -il 

action and the existence of living organisms 
Allowing for the circurastan<» that g.-rthtg« .il pro- 
cesses may have gone forward with coiisic!«»,ilily 
greater rapidity during the carlirr jK-riwIs «*f Ihr 
earth’s history than is the case at the prcviu d.iv, ib*« 
time thus allowed by the physicist isg«*M«'r.i.lly 
by geologists as too little. Reckoning fr«im tir kmm ii 
rate of denudation, which is, t»f cotiriw, Ih** Mm** a* 
the rate at which the same material is 
beneath the sea, Geikie, who admitted, however, that 
such data are only of a very rough desttiiplmii. 
concluded that the space of a hundred million year* 
would afford sufficient time for the laying d<iwn 
of the known aqueous strata. But there ran In? 
little doubt that the lower nKdaiitm'phtiiKtl ri>^ 
repr^ent a much longer period of time iltan 
the primary, secondary, and tertiary tpocits adiltd 
together; consequently, the respective esfimaiei of 
Lord Kdvin and the geol^ts appear to he coniia* 
,4ictory. The recent discovery of the enormous qua«. 
titles of energy stored up in radUo-active Miliviaiicrs 
introduces a serious modiflcallon into tlw matheinatiwl 
argument from Mtronomicdl data, and Sir 
Darwin ‘sees no msoa f®r doutding the p«»wlnliiy 
of augmenting the eMimates d sdlar b«tf, m derived 
from the theoiy of gravitation, by some g«d» 
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m 


M u *if »tn fh«' <iti{i{Kr^jittrin that a ron'SHh r- 

< j»injw»rfi<.n ilir jtMn% Milmtancc was nu<l<* «|i of 

rh' r«in.i»k'* m.iy sj-rw to illtislrat<' fhr iin- 

nf jhi »h< <<tv «»f rv«i|tiiion as a{>}th<’(! to tin* 
f <i» f< »i« • •* »*f W«- j».iss n<*xf 

.i l»rirf * <»siswl''r.iiion of thi’ «lrvi'loj*m«'nt 

!Im" i}if «!irs‘ as a mrihotl of th'sitritMiig tfji? 

>»{ th* sf** ri« s rif itotnils j4anl*. 
fli«- virWs of lh«* i»n< jcjif lio’rks c.imtot lio »;u«l to 
s* iiiio li tn**rr !l».»n •! jrtitdy sjwijiilativ** mtfrrst, 
)i«* Moliinmis of l|»«< i«|«a of rvoliilioii havi* Ijr-oM 
rihnfrii to Linj«*iwji s as wrj| as to s«'v«ral otlior 
ly atiil in thr wtitoigs f4 Arislotlo, for 

titw th*' to*> gt«a! faitf* of Ills soi rrsmors for many 
•< has Iwfii foliowril hy a *omi«what unitif^fjtwj 
;rrr of <oni('itt)ti in nnwlorii tinws, wi» ftml that the 
ihiiifiii nh'.i ha4 leai h*’il i|nifr a resjiecfahle tiogrei* 
Jrvrlojmiriit . 

n thr -Mnlifh' Ag»*s the aifo{>titm of the Jewinli ct»» 
goiiy hy the cliristian rinitehes effectnaJly anttiiii 
al all iiwfiil Ihtinght iijain tlio fithject at specie 
;r ilie hy|*«iifies»s of separate creation affords 
jfr for Cm III* r sjosmlaiion or experiment, and if 
oniil the rod of till* seventeenth century that 
I ihooghifol m»'ii liegtnnmg to sfrui^le against I 
Irviasto.d laiiid-ige. Thiis Erosmtis Uatwift 
'd tio' jd«'.i of grio^ration rather than creation 
tvoild (oan Uavol iinme, and himself w' 
Iiii*i4s!n ih‘* thought : 

That 4 »« if it he wofidf titiglit have 'hctn grot' 
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produced from very small beginnings. 
the activity of its inherent principles, rather han by 
a sadden evolution of the whole by the almighty ftre- 
What a magnificent idea of the infmit.* power of Tuft 
Great Architect ! The Cause of caus,*s. Parent of 
parents. Ens entium: 

De MaiUet, writing in 1735. .1 rletmite ii|e,i 

of the production of existing speeds hv Ih.* modifiea* 
tion of their predecessors. At the b-giiming of «he 
nineteenth century similar speculations w. re pubh^ied 
by Goethe and by Treviranus, and the latter wa*. the 
first to apply the term ‘ biology ’ to the science .4 itw 
phenomena of life. Lamarck alwut tlic 'i.iine i inw pw* 
vided a definite theory as to the metliod by which the 

modification of species takes plat*. 

Before discussing Lamarck’s hypotheiis awl the 
alternative theories more recently projxjvd, it will te 
well to pass in review the evidence ui>on which is 
based our belief that the species of animals and jdanli 
have arisen through the modification of pre-exisllng 
pedes, and to show that the greater {cut «»f this evl- 
?nce is quite independent of any vi«^s which we may 
opt as to tlM actuad ni^thod by which a parlknilar 
Maes came into existence. And in tin* first jdai* we 
.y point out the entire absence of any evidk'iic«, ihrect 
indirect, in favour of the aJtemative supposititMi of 
pedal careatlon of each separate ipedet. 

The evidaice for evolution falls nafiirallv into a 
Sber of fairly well de&iM sections: thiiw havr* 
so admirably sommarixed by Huxley in III* 
• on ‘ Evolution in that wc cawml wrB 
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lvf<)>r tii.ui r« rajnfiit'it*’. with only slight mndlft- 
«*»!%, !h»' !)n<r«' givrn : 

. I HI Ow Atnftnv nt- OiifiAXtsMS, -Both in the 
n.d tnd V* «• kiHgdnms wi* may trarr, in spite* 
I'O-mt gaps a I'lng sinifs ol grarfatiems in c«»m- 
tilV <4 ‘•itui titri', so lhaf iH’lwi'ini th«* siinph’st and 
m*isl »*>mph«atfd ed living things a grrat nmnbiT 
inteniinrhatH ■•tagrs aft* t«» hr‘ fiMind. Wl«*n we 
s lie th<> IdWi-r ‘ ltd <d the scale in either ease, we 
le ufitjn a gruttp uf creatures of eoniparafively 
pie organi^alion. Among them we find inemlrers 
li regaiii to which we cannot definitely say that 
y are C'ifin’t atiiinals «»r plants. Moreover, these 
elhilar organisms resemble in many ways the 
«« ell fjom which every individual among the higher 
inals and plants »»riginate«. 

t is true tliat we now know it to lie quite impossible 
lispos." all the nieml«*r» of the animal kingdom in 
ngle linear s*'rii's, such as was formerly suggested, 
sing lit orderly sequence from the ainteba up to 
n. * Instead of regarding living things capahle 
urangemeni m one senes, like the stiqis of a ladder, 
lesiilts of modern investigation comjad us to dis* 
e them .IS d they were the twigs and Irramiies of ;i 
j. The einls of the twigs represtmt iiidlvidmds, 
smallest groups of twigs sjiecie*, larger groups 
era. until we aiiive at the source of all these 
iisn .itions of the main hraiich, which is represtmied 
4 i rommofi plan ol structure.* 

Lwnuvons.v,— All the roemlier* of ,a particular 
up of amm.ils *»r plants as » rule rescnnlile one 
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another more closely in the early stag^ nt f Smr Wt* 
vidual development than they do in the athiU .ondi- 
tion, and in the earliest stages of all they are otH’n 
indistinguishable. These facts an* explainni Jf wc 
suppose that such individuals have a common onjim 
that they are descended from a common anr^tor. and 
that traces of their pedigree are still to h* m 

the developmental stages through which each .me 
passes. We do not find a complete paralleh-m lie- 
tween the development of the individual and the 
history of the race, nor should wc* exprt to .1.. v». 
since embryonic as well as adult stages may !».• nnalnird 
in the course of evolution ; what we should i-spct m 
a more or less vague historical sketch, and tliis is what 
is usually found remaining. 

' It is not true, for example, that a flsli w a rejiiih* 


arrested in its development, or that a reptile was ever 
a fish ; but it is true that the reptile ernhryo. al one 
stage of its development, is an organism which. i< H 
had an independent existence, must be dassilwil 
among fishes ; and all the organs of the reptile paw. tii 
the course of their development, throwgh eonditimM 
which are closely analogous to those which are per* 
manent in some fidies,' 

3 „ Morphologt.— On comparing topther tl» dif* 
ferent members of one of the great |ro»|» m ciMWf 
of anima.is oT plants, we find the same 
plan of organization running through all of lliwai 
Series of corresponding organs are often to he owde 
out which are built upon the same general sclirnie. 
although their fluxions may he quite ditsofulai ; m 
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4«id«aiy ""I'",;'’ 

*0dd have prart^liy 

Facts ftp sit TAii'”* 

1 aw sr*-n in » »»«»«’ 
iiaJly conitn*»n m s'**”** ^r»»ii|»* 
' has i'**" 

and sp.'rifti^n* «if |wT- 

longing to ntbrrf.ntiil«-^a»^*rc- 

.. ♦!»« descriotion of a WfW 


in nature, 
vival, and 
attempt tc 
of organic 

7. The Observed 

Cmatterof fact, novel 

I Ireqttfflntiy, and ar« *F'^ 

I'of plants* as Mr. C. T. Druery 
f of the British fems; i-— 

I ticular wild species belo^mi 

■f/qnently fonnd. which, » « 
featnres of a cons«*e* 
-wonld afford a basis for the d 
' The study of mutation wul, 

: (dhaptwf of its own. 

We see, therefowi, that tl 
; existing species of ananals 
f. by a Fooess of evdutfon, i 
|;i*!Ciiig WiMi* 

^/however, Incomidrte wntil we 
llj/.ftooooat <d tihe nwthod or ** 
arise from ^ o®**' 




Turning nnw t« spectra in a ttaii of nafiir**, tin* c4« 
of the giraff** i» one of thoite inwrt «iftcn 
Lamar* k a comparatively short - lofcked 

niic»*t«>f <if the giraffea to have taken np the hahlt «#f 
l»r**wsinf M|>on the leave* of tret** owing .to the di®* 
cwlly of obtaining other food In an arid ngioit, fti 
order to obtain their new food the animal* were obliged 
to be conlinoally stretciting upward, and the trffwt to 
floitgate tlieir nwkt wm attended with some small 
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*>i»nn llw'ii* which hillrnvcd t!ic estsib- 

lishmcnt of the prini, ipli* of natural s<*Icctiou. 

WniKtii*^ \V t t) , Th«* Urccrit Irrvrioprnctil of 

Srujtcrtt. t(ii.Kiir.Hr ; K%»ay«~.Sc.wiiliric, iiml Siiccii- 

1 if Vf»l. Is,, 

ft, I I'lurwiii iiiitl Alfrr thitwin, md i%|, 

l*rlitseifilt^ til elwmih tdiikm, 

lip. 



CHAPTER III 

the theory of HAfORAI. SKtrr ll^l** 

In 1813 a communication w«i read tF-lof* tlu* R«wal 
Society by Dr. W. C. Wd!i opon tlif 
which exists between certain race* ol m.inkir».f li» 
Dr. Wdls’s paper this differentiation 
from the facts that, since no two individiwU .itr atikr. 
some would be better fitted than othrr* i« rr«iii*i ihr 
diseases proper to a particwlaf country, and w.rtiW 
consequently tend to survive, whilst their !*■»» tiuiiioiitc 
neighbours would ixsrish in gp-eater nuinlief*. Wrll* 
supposed the dark race# of mankind to hr beiirr 
adapted to warm dimates than white racn» air, and 
: he thus applied to the particular caae of tlu? htimaa 
' sp«rfes the true DarwWIim principle of a gradual 
evdtttlon through tl» wrvivid of the fttleit. 

A dmUstf view waa applied to tlic origrn of ipeefra 
in general hy Patrick Matthew* in a book on navrf 
timber and arboricuUuie published in i»3i 
Both these wmrks were unknown to Darwttt at ttee 
time of the ftist poWiatitm d the * (Mgin of Speidea,* 
and it » quite unnecetswry to point out that iludr 
I mclstem^ doe# nd In the toud fd^fu^ce the vatu# or 
lim^ty of that pid wmrk. Uteir tnlered tiM 

^ ’ ■■ . ' ■ ■ ■■ ■■ ' 
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aflordio* to material u|)Ori 

“ght^^exp^ledloopratc , , , 

the idea tot a aetect.vn mil, ™. 

„L tram a atudy of thf remarkaWe efi. ■ l- l"'“l 

rto^»ofrmLicanimal.aml ,,lan,:.t.v .1. ..e,,ao 

h^n a little credulous in accppting lh»’ »«’ ’ 

raiwemwitkre^rd^o^ 

in breeding, with the check ol exac* rr. .«.!-* i» 
l the exuberance of »h^ 

aiJalmost miraculous powers «’*"*>'**’*** *’; *’’*’ 
feshioaed breeders, though, indeed. **‘*^‘^ 

would seem to be a ttjrvival from the fseiiod 

>«spealtof,atorttlonloilt<ilhi«n!«»l rnlhoMiatlc 

'ibgraplMr are to be credited.* Uu Jilted but 
SoLd otaemr. dnd that they have w. «« l« * 
Mvere worth epelddn, of, Md that all Ih^ ^ to i. 

i to keep a ^larp look'out for tlus oovcllies wbidi Nature 


' SeIectioii» w|ith«* w mtiMmt cnn 

of itself have no power in the direction of crraliim 
anything new 5 its influence h destructive or pr«!i»rv»* 
five, but nothing mme than this. The biredef keefii 
; the new forms which take his fancy, and d»irtr«ys the 
' rest ; that is the whole stoiy. 

* tisarwood/'Hew Owadons to ftoal IMe." M». 

• ■ iy8e6mt0hsv«aM»%«o»*wW»B*Mmi Iwilw 

<ai4 iMiiiid aovelites, ; 





n» have been in ffw* ea!« 



Dritl »h»m' : 

• It t% «»}»>**rvec! by Dr. Franklin that th^re is no hotind 
I® tli«^ jiToliJic natiifv Ilf animals and plants but wJat 
it made by tUrir ermviling and intvrforing with each 
nthvr's inraws of subsittenop. Wer# the ia«e «t the 
fMlb, h« my% v«:«it »f ntlier plwits, it m^lil b^ 










ffarlj prwlno'd on tin* av»‘raR<‘ thirty rgg». 

Tin* wholi’ l•^^j 1 «'riln«'llt m'c«{»i«*4 I«*'*'i than a v*',ir, yet 




a flH lUlTflMlVMl [Hill IHMiiimwIKQiMHmi 


rear al! tin* aiirni.iHwhkh.ai this rat»* of hr««*fling, for 
this nnmfw^r of giii«’r:itions, wt*r«* tlH'orrtkally «»bt,tin- 
tthh’, In? wmihl h4v«* Iwromr* tin* ji04s«*ssor of a solid 


iphrri* <d organic material with a radius greater than 
file jirohahle limits of the known nniversc. 

This g.*om« tiical rate of increase is common in a 






manner as so many variations nave ocrtirmi im »«» 
man. But if variations useful to any org.»nic JKWft ‘-vrr 
do occur, assuredly individual* fini* cliararlrnini » 4i 
have the best chance of being prefervdi in the 
for life ; and from the strong principle of iuhviuaiice, 
these will tend to produce i^tpring iiitiilatly cbarac* 
tensed. This firinciple of preservaf ion, or f he survival 
of the fittest, I have called Natural fieirciion. Il IamIi 
to the irafurovement of eadi creature in relaiion i« lit 
/organic and inwpnic conditioni of life, and, cttwne- 
i^uently, in m<»t cases, to what must be regardwl a* wi 
advance in orgmisation. Neverihetew, low and 
simple forms wiU Itmg midure, if well fitted f«r ilidNr 
"iimjde crmditimis of life.’* 

I We have here a vaty ^dlnite and i^mi^ matemMi 
.of the way in whkdi Ihurwin believed tJm pfM|le el 









m Mimm m 







tinit it it |^ac«4 hfltl 
but ttiKkr lii» titin t tlikli 
^vdoped, wbfch fMr#v«fit» « l#o 

Mid At tiM MMBt ttint Ad^utfi f}M» 
bi body to tliAt lb# mu * 
sM Ait «ttMy wantiuij. aiid th^ 
I IfotettoB tiitefy,* .... 
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the tissues «>f the ovary of the ool 

within it. With the ai»l of her i»« t. 
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thrfsf ItfiVf .1 *}if*rial interest for tis, beeaose tlirv itliH* 
f laie tlo* way in whieh the wal of the afti r ad.ip* 

live rontrivanevH may nm iway with hitij if not kept 
well in hand. For f Iw’re is scaredy any limit f o I he num- 
ber yf protdeinal ieal cases which have been desciihi d 
as adapt ivc resemblances, and so explained as havijjg 
ariwn through natural stdection, whilst tlie evidence 
in favour of such a supptmtion is in many caws highly 
questionable, ’f)n the other hand, in a ntimher of 
Well-marked instances, the theory of mimicry certainly 
ieenis to afford an adequate explanation of the way 
in which many curious characters and structures may 
possibly have come into existence. 

The families of the MantUm and Phmmidm, incUid- 
Ing the w.a!king»stick and leaf in«?cts, afford many 
examples of animali which both in their colour and 
configuration diow a very close resemblance to sur- 
rounding inanimate ob|eett. This reiwmblance must 
have the effect of concealing them from their enemies, 

' Mid more particularly from their prey, as, indeed, a 
f; Wudy of their habits indicates quite clearly. 

J PkyUopkryx, an Australian flsli allied to the well- 
r’ known seadiorio {iiippmamfmi), is provided with a 
’ number of irregular appendages of raided skin 
fe^mbliiif the seaweed amonpt which this animal 
is found, In this way the characteriftic symmetrical 
appearance of a live animal is got rid of, and the 
" creature is nemtered extremely diflkuit of ot»ervati«i. 

Hem, again, the crmcealment afforded is probably 
, useful in Icsidiikl to tlie dii»ption of the smaller 
, organlMns upon which the OMiatttre feed*. 



$6 THE THEORY OF RATHRAt Sr.I.ErTIO}! 

ExiimpH of this kind in whirh lh«* *4 {lo 

•ninMl Ipadu to jfi (r*in« r-ilmml .nf h s.-^ n*nn« n»iw 
than fh*s^ in wlihh pr‘»iri li<»n i** ;ttf<«r<ih <l ?*v an oHv nr«» 
pattern nr in»nn'»j»»<'ti<*n'» i.4<njr in<h««l • ««<• rr* 
suinhltinri* hetwecn flii' <♦( .»n .own. 4 ,sn4 it** 

tttfraimtiing'4 i<* !«• Ir in iln- m.j.ojSv ««f itw 

ntemliiTi* n< many Famili.o .ifw 

afforded by the Mdnti' < *4«»nf *4 anwwK whn h m 
«iow, the tawny gmy r»4oMt id ime*.! «!'•%<• ii 
the grwn of gra<i4-jrr<pirn!ini? atnmih, and mu <.n l| 
ii perha{m not ipiite t:eri,iin tlwi m %«»nr «4 ilrw- 
tiw ppruliar rohnir i* n«4 rvohed Jiy i!*r dn***! action 
of Home ratwo whi« h .ifje* t% dilletirnl •}***< ir * m iIk '»awii* 
way ; hut aurh a caii»e awaiii div-rt-ery. ^nd w Hnt ^ 
meantiin# rwtiiral %i*lrr ii«»ii h-ii. .rtiainH- .i «it<ing 
datm to he regarded «» i fw pf*ij.*pf «* a jdaitiat i«*m . ■ 

A more ttrict n*e of the irtin mimirty. Inmevrr. it 
to reitrict it to otioi where one ftpecint a|jr«i (fo< eotmir 
pattern m other eatema! charaeter proper to another 
ffwciet which tnhabitt the tanw rrfion, and the tdea 
of tnlmiory fwo* been pot forward a* etpreially appro* 
priale In c«iei wb«rc the mtmieked ajiecir* i* ccintni<ifi« 
and can h« thought to pottm aonm ufa^ial meant of > 
proteciMm. Numerous tuf^piwrd e«.i«ijdea of tfiia 
. phennmenon have been de«tihed among m(w« i*. r«pe» ■/ 
■ ciaily in lire caae of vanott* tmfierfiie* Iroiii Afiwa, - 
Malaya, rind South America. It would hr liry<ifid ifor 
icops of thii work to do more than call aiiemnoi to Hie 
iMcinating tuhicci, the tilerafore of wlmh On hl<<le« a „/ 
''' niwiber of papem to be found in the 

the Linowatt Society and ettewhere. For a g.*oeriil 
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iCMifif ni tills H’orit, fhi; rfadrr is ritferred to Profcssor 
rrn'itt ' ICssays on Evohitlon.* 
M.iny>ftidrni*itd ^•volnt^cm^n it»nmri’n»rrnt drvrlop- 
rnfs ;»r. fo atijirh grrafor imimrtnnro tlwn 

>i's^I»r.4rss„r iVmlfiin to the dimcultips which hcsct 
c fhi Hiv of iniwiriy, in »» fur an the theory consist 
rsphiinnig Ihrsf* rescnihhinces by natiir.il selection 
rnmnlating ninnite variations in the direction, 
deetl, the fjower of this evofiitionary factor seems 
re to b<* stretched to it* utmost limits of tension, 
le inde{»endent evolution of a similar external apiiear- 
ce has certainly taken place in some caju** in which 
y suggestion of mimicry i* excluded, and there is 
thing to prove Uiat colon r-pat terns of the same type 
ty not have ari<a*n from the same causes in widely 
fereni grotifii. In c.ases where the environment to 
licit the ilitferent forms were ex{K>sed was iimitar~ 
would bt* the case e»jK*ciaUy in any single locality— 
:h a process of parallel evolution might be Uiought 
be all the more likely. 

It is not to be suppctsed that we intend for a moment 
impugn the reality of these marvellous rcsem” 
nces. The smallest acquaintance with the facts 
•I show the al»urdily of any such suggestion, just 
the roulllplicity of the casts d^ribed renders any 
pstion of coincidence ridiculous. It is only the 
rent expl.malitm of these resemblance* to whicfi we 
« exception, for the brain reel* before the task of 
hiring the gradual huilding up of such a resemblance 
the wictc*!»ive addition* of small differences, eat;b 
' useful to tilt! j»»»MSor of it. 


$$ TOE THEOEV OF 

K«<'fMWanc<'» can nnty Ikp |n»»|--5lv r%|4onr,i 
ff|irrM-iitini| t'4v^ «>< iii»mKr%- wlx-n l«*fh 
C<wr.rrnr4-*tlir tnimir an*! ihr msmi< l^-.l thr 

«mr' l»*calify , b*it |4*’n!y •»( r..Ti'M-t. <4 «».»«'■ !« •! ,» 

l!ir cwhmf »»( inw<l% Im- tn 

ilifb’rmt parNol ij»(* Vk»jrM alv* t*f j««s,«r,| ,„|f 

Ia’I h» !«}««? 4 r,itin«-J*'lr %% J.*gm|i4f 

Willi Ihe rtwW'fr'IlriplrllUllll || 4j<, 5„ 

lie Seen liovering alxm! |4iim » m ^ -ii I'Ik*# 

insrefs cbisely inimir iIk 

tee* and wa*p», ite lialnii* <*l wIsikIi atr »jinil 4 f Ifrff?, 
then. » Mirely a rA%r «|irr«* ite i|r<^|4ivr 
tn an aniinal well atnird in iit msm 
selective enewir* tn Id ibr%r rtw-% In *«»ntl»d« 

JafMin, a* Di . Andrea* )n>tnfr<| mti ta me, <4 fhif 
kind are Mirjaisingly nttftirt<«ii», and iheir lew mfdain^ 
to tef* parnculaily noit«;raltt«* S« almindant air iteif 
that, from tte iminl »l %'iew at iln* dtmrf* wtneif they 
wait, tlwsi* flie* dcstbiid# prnvidr an rF^rirttf •ntef tini# ^ 
iw tte 1m» ol Mter cnunittr*. whnh *fr hm. 
.ipieaoniby tteir ateen**. Hut it »ral aiinftnit intedi'. ,1^ 
•re wanting, ee cv«i wry traier* ilw Mt|*|»««*<rd rtmittieg' ;„ 
of the flkr* cm Itave no r»prmii«'«* «»| Um* lijrftettif 
produced by eatchiitg item How, iteii. can flww 
die* teneftt from tteir rnetiitdafttre m te<-* P 
ThI* Wnd of thii^ must mate «« Mitttmhai an#* 
pkiott* of OMe* (d mimiory evm teinwii / 

specie* pmoewdiii tte Moit rangr,, . ^ 

Wteii tte i^a* of mttnkry and ptmwttw trmitt* ' 
Mao«i aw i»rrted into tte w^rMe femgiimn. »* iliey ^ *' 

“a by mme wriima. ateMirdtiir* are itnif} 










« iIm' tfifttiml % which tlicic ada|He(i fwnis have 
piial,t4. ■ 

dif jwn^rr of rrgr‘n»‘raiiiig a hwf fcirl intisf clcjirty 
‘0 t»** of wrvto Ui (III? crcatur** which p<»n‘sw it. 
;fi » |ww#r imy m many eastfi he con»idered to t» 
rill<mvMI a&ptatiMi. But, aa M(»rgan hwt wcU 
h\ Itateiieu, ' U»mid» Urn tlw Study of y. m, 
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pointed out, there are instipcrahle (iifficiihiis in thr» 
way of adopting the belief that such a power l an have 
been acquired tlinnigh the action of ti, tttir.il selection. 
Many crustaci'ans, when they have lost a t:law or liiub, 
proceed slr.tightway to grow a new one. To acconnt 
for this power by natural .selection we should have to 
suppose, firstly, that every stage in flu* growth of a 
partly regenerated claw, even its first sin, ill rudiment, 
was useful to the .animal ; and, secondly, that there 
was so much competition between lolisters which fuid 
lost their daws, that those which could regenerate 
them a little better would survive rather than the 
otht'rs. The first of these supjKisitions as to the utility 
of a partly regenerated daw is in the highi-st degree 
improbable; but ag-iinst tlie second there is an 
entirely fata! argmueut, since, if the lobsters which 
regenerated badly were externiinafed owing to com* 
petition with those which liad bt!tter powers of re* 
generation, much more would all the injured lobsteii 
be exterminated in competition with those which had 
©leaped injury. 

The thewy of sexual selection (xmstitutes an im* 
portant branch of the Darwinian amount of the origin 
of specific structures. We are here concerned with 
this hypothesis only In m far a* it leads to a criticumi 
of the efficacy of natural lelectim) from another faunt 
of view. By the theory of sexual sidection Daruun st« 
'tempted to explain, the origin of two sorts of character* ’ - 
in partlciilw, one or oilier of which fre(|ucntly appe.us 

tto male sex tmly of many of the higher ainmalt* 





i 



aj»pendages on accoiinf of ihr. fnss o 
acfivily which they must entail. We are. tlu refore 
oliliged to conclude that natural sadection is much lew 
rigorous in its action than some people iiave supp weij, 
for if this principle is inadecpiate to prevent such .n 
exuberance of form and colour in these particular 
instances, its action becomes ojjen to cpiesiion in 
other cases as well. 

Similarly. Morgan finds a difTicnlty in understanding 
why natural selection has not led to the exfermina*in« 


aker males may 
win's conciusioii 
stwten menibert 

mw that in par* 


let ion of natural wdeciioii. 
great mass of rvidenct 
in support of his (li,.(»ry, 






INHERITANCE OF ACQUIRED CHARACIKHH f.5 

of species. Still, (hey add in some me,i«ture to (he 
weight of lecent evidence which points to (Ite roji- 
cluskm that many specific struct nres h.ive had a 
different method of origin. We have alrea<ly pomln d 
out that there are two alternative met hods, rarh of 
which has its adherents. Before passitig to a roii- 


the origin of new species subsidiary to the action of 
natural selection upon individual rlifferences, whilst h« 
looked upon the latter as the main proce» in organic 
evolution. 

Later writers, however, have asscirted that natural 
selection is the sole cause of tlie origin of soeciet. and 


ii 

h 

fs 
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anc<*. Since a!! arguments in favour of f1i.- » voliifirm 
of species were inconijilefe un!«'<is som • ju< aits l>y 
which such an rvohilion eoulif take pli'-'” had Imtu 
suggested. Spencer adopted (he f.amar* ki ui Iheorv of 
modification, an<l to this he ahvays fniidy adh. red. 
thougli admitting the validity of natural srl< tium as 
an ,'uldit ionii! f.ictor in the juoreHS. <d Sjwncer’s 

arguments in favour of a iMdief m tlie mheui.ince of 
acquired characters are well worth reprtiison. since 
they have never been altogether refutetl 
Herhr’rt Splicer’s argtiment consist et! mainly in the 
emim*‘ration of stntctttfes flu* origin tif which cannot 
be explaineil by n.atnral sideciioii, tin the oilier hand, 
the inheritance of awjuired characters, it this form of 
inheritance could Ire proved to have a ricd existence 
—as Spencer tudieved it could was slu»wn to be a 
pitrfectiy adeijuate explanation of the origin of the 
structures in t|Uestion. In when SjMUtcer up. 

held his opinion for the last time. Hateson had not yet 
{rointed out that the facts of definite and disitoniinuinis 
variatiitn afford an alternative way out of some of 
these difficult ies. In the sibsence, therefore, of any 
other effective muse, the result of the .argument 
pointed strongly to the condiision that the inheritance 
of acquired characters must l»e a reality 
The first of Spncer** arguments was bantl ujK»ri 
the different power* of t.aelu{il disrrtiitinafioit which 
are to Ik* found in different parts of the human IkkIv- 
The degree of this ta^nsiltvenes* may be estimated tiy 
the use of a pair of comtwse*, the jxiinis of which can 
be Wit at different diitanoM apart. It i* then fount] 


mSCRTMINATION BY TOfCI! 


5 ; 


that with the tip of the forefinger the ptiints ean Iw* 
distinctly recognised as two wlien fJiey are separated 
by no more than ,'g inch. When aj>p!ied to (Jm' mid«l!e 
of the back, on the other fiand, tlie p»>intH must b'* 
opened to a distance of inches before the wiisation 
of a single touch becomes resolved into two distinrt 
sensations. 

The distribution of this power of discrimination over 
the surface of the body is approximately as follows : 


Tip of tongue 

Tip of finger. . 

Inner surface of second joint nt 
finger . . 

Tip of nose . , 

Cheek, palm of hatui. .and imd id 

great-tew 

Forehead 

H.ack of hand, crown of heati 

Breast 

Middle of back, middle of thigh, 
middh* of forearm 


i*i *»i*:h. 

I 

If ♦♦ 

k .. 
i » 

f »• 

i .. 

I 

tj .. 


Now, it is out of the question to suppose that n.ituia! 
iwkction can account for all these clif?erenc*?». An 
increas<*d sensitiveness of the ti|»of the fingers might, 
indeed, be of so much use as to give the individual 
possessing it a definitely increased chance of survival. 
But it is hard to believe that it cau Im* important for 
a man to have the tip of his tongue twice a» »en»tfive 
as the tips of his fingers. And why should the Up of 
the nose be more sensitive than the cheek, or the 
ciwek than the top of the head, or flu* breast than 
the back ? In the last cate it might even be suggested 




m rm theort of natfral <^Eij':rTirm 


that in a savagr, since the s«'nsf of tonch h flif only 
one wifli wliicli his back is prosadcrl, if rnighf Im* 
f{»r that surface lo have acqturcii a mnjr- f|eli. 
cate sense of (ouch than (he anterior surface, which 
is giiartird by the power of vision, as writ as being 
more rraibty explored by the smsifive fiuger-(ip*. 
If such an argiimenl is regarded as far feti hrd. so in 
an equal di’gree must Ik* any attempt to explain the 
actually obs»‘rv«'d distribution through the action of 
natural selection. 
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hind legs of sii<r:h an animal as a cal arc 
adapted for th«’ purpose of making a spring I 
to arrive at such a slrucfuri; by flic moditua 
limbs previously arLapled only for running, t 
must occur in almost all the bones, musd. 


!r so that one pari may 
h the rest. Ifisrpnte 
I can Im’ effeitted by tl 
»rl nitons variations of t 





INHERITANCE OF ACQUIRED CHARACTERS 7* 

vidn.li! are in any mrasure transfnissil>l«’ tn d<'w < iid uiH, 
then all these co-adapt. at ions, from the simple,! up to 
the most complex, are accounted for. In sotn*' r.r,rs 
this inheritance of acquired characters suftires fty itself 
to explain the facts; and in other cases it suffices when 
taken in combination with the sel«*ction of favour.ihh* 


f 1 



of an additional “ point," an advantage is gained either 
for attack or defence, then, if the incre.ami intiscnlarity 
and strengthened char.acter of the neck and tliorax, 
which wielding of these somewhat heavier horns pro* 
duces, are in a greater or less degree inherited, and in 
several successive generations arc by this prmtess 



iom OF NATUKAL SELECTION 

(t‘ no inljiTinif diflTiculty in the way of 
h«*r ■ 

howfvcT, poinirrt out a very sfnous flijjjr.uity, w 
is brought into prominfncfi on miking a sfiitly of 
minnto anatomy of the crlls of organisms riming 
[larlior sfagr's of tlwir di’vi-Iopnirnt. 

In the ordinary tmirsi' of nvents i-vr-rv one of 


form of a single minute cril the ferti!i/.rd ovum nr 
i‘gg. This cell pxliibits no trace of the romplkat d 
«!ri«'S of organs which s%iH tievrioji from it svinm it is 


fiMKi-stipply, an 





PI 'KIT Y OF THE GERH CKI.I^S 7 ^ 

dudes that there is no reason for supnosiiifj ihaf lhi s»‘ '» 
have undergone any modification at all. 

If we consider t Jie cells which btiild up an adult organ, 
and for the moment regard each separate cell as an 
individual, we sec that each of lhe»» imiividuals 




ki 
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resiift of so many offshoots wliidi come fo an riid at 
the death of t!ie organism, and leave n<» progeny of, 
their own. 


Wilson has expressed this view of Weismatni’s very 
clearly ; * It is a reversal of the true point of view to 



regard inheritance as faking place 
from the bcwiy of the parent fo that 
of the child. The child inherit* 
frcjin the parent gerw-rr/f, not from 
the parent body, and the germ-cell 
owes its characteristics not fo the 
body wbich bears it but to it* 
tlescent from a pre-existing germ- 
cell of the same kind Thus the 
body is as it were an offshoot (rrun 
the germ ceil. As f.ir as inheri- 
fama* is comterned the hotly t* 
merely the carrier of the germ-eel!* 
which are hehl m trust f«ir coming 
generations.* (The diagram illus- 
trating Weismann** tlieory of In- 
heritance i* a mtaJification of that 
given by Wilson.*) 

In the light of this ct»nception 
it iiiay bt* seen tlrat the i«le,i of the 
inherit anta» of a nt»»difkaiion ac- 
quired by an adult bodily org-iii 



PUEITY OF THE OERM t'I'l.t s 


The minute sluciy of the t .ilo ti in i onn- r 

tion with modrrn esjn'rimenta! work on tin- jm thodi 
by which inln'filanc«* takes pl.ire, show, a strong 
tendtmc.y tocrmfirm Weisinann's view, so far as tin- f ase 
of distinct and flefinite characters is concerned Hut 
if we regard such definitr' characters as havjug arisr n 
by definite steps or mutations according to the view 
now gaining ground, the study of them vvilJ !save no 
bearing upon the question of use inheritance, since 
use does not leari to large and definite clianges in the 
individual, but to comparatively small changes of a 
quantitative kind. 

There are somi*. including de V'ries, wdio regarrl alt 
fluctuating v'ariatious (individual differences) as being 
of the nalute «tf a<-qnir«‘d characters, an»l as being at 
the same (inn* capable of hcrerlitary transmission, 
although de VYies Irelieves the ,imotinf of progress 
possible in this way to Iwr strictly limited. I.et us see 
if there is any w,ay in which a transmission of such 
characters can he emteeived of. 
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stituent ct'lls scf'm to lx* ait off from r>n«' aiir»th» r liki; 
so many dosed boxes, it has been shown fhal fbere is 
almost universal communication between the proto* 
plasmic masws so endosr'd, in the sh,i}M- o( minute 
fibrils of living substance which tr.iverse the iiifer^a-ri- 
ing walls. 

It would tlms s»*em ptissible for liquid or easily 
soluble substances to pass freely from one part of tin* 
body of an organism to another. It is poMnihle, for 
example, supposing the enlargement and stiemd liming 
due to the exercise of a paitkiibar musele to be asMici* 
ated wuth an iiicreasi’d production of some definite 
cliemicai substance, to imagine that an increased 
amount of the same siihstancc' nnglit In'come eiiclosiTd in 
the gerniHtells, so that this substance would lie presi’iit 
in the offspring in greater shtind.mce tlraii would have 
lx*en the case if the inuwde of the parent had not Ijeeii 


i 


l.f 



I Ui »h»»w that a!l coMtiiiiniiKi 
* naturt* c»f acquirttldiaractfM.* 

% tli4l rtitiiliitiiiiw vmrmtlmm itri* ii*ti 




7B the theory of NATERAI. SELKi TION 

It is possibk* that \’ariations of tins inav gJadti- 

ally Irad to important an<l I’vm to spir.ific ohatigfs. 
but whether this is the aise still remains to he proveil. 
On the other hand, we sliall see that sperifie dstferrmces 
do somelitnes ans** at a .ingle step, and !h< re is strong 
btU indirect evidence to show that this is the way in 
which a very great nuinlwr of spi*i ifir «hfl« r» nees have 
.'ictiially arisen. Indenl, some have r.ont* ndetl that 
this is the nniversjiJ process by which snidi differences 
originate, hut this again is not jirtned, nor is it 
altogether likely. In any casi' the inhititance ol 
juujttired characters can have nothing to do with that 
of definite and diseatn! irnnms elifferences. 

This is a j»roh!«tn to which vve shall tefurn in the 
concUtding chapter, in the light of furilnr evidence con- 
arming continuous and diwroiitiniuius vat iat ions aitd 
their mantUT of inheritance, wliicli will Iw by that 
time available. 
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CHAPTER IV 

llltJMITKV 


In llie prrsi'nt ch.iptf'r vvi* hiiv<’ to ronHuIfr in witiR 







mi'tliorE of bifitni*rriri»! w ij'Iw **, 

Tin* first iiivi'Hti^.i{«»r tn «|*|>ly tlin m«’thrttls of 



BIOLOGY AND STATISTICS 


8i 


The more recent advances in biometry are mostly 
the result of work published by Professor Karl IVarson ; 
they consist largely in the, elaboration of matln’tn;Uieal 
methods of dealing with statistical problems, an«i as 


used in biology they have, as a matter of fast, one very 
serious danger .at least. Statistics de.al with groups 
and not with individuals, and there is a rc-aJ dihiculty 
involved in the fact that the average of a group may 
represent something quite different from any individual 
which the group contains, whilst at the same time a 
group may include individuals of very diverse natures. 
Nevertheless, when used witlrout preiudice to the future 
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BIOMETHY 






DEl'INITE DIFFERENCES B,% 


tinuous series of eight shades, tecause. in doing m lie 
groups together a number of probably definite factors 
with others which are of an indefinite kind. When ttie 


colours of the human eye come to be studied in greater 
detail, there can be little doubt that they will be found 
to depend upon some such factors (among others) as 
the following : 
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fhf* h .in4 C have ea« h a Khar.irirrwlic infan 

•»«« of fruit, and th** cxisfi'nre oj tin** definite mcaa 
iM ml affixlvd by the fact that the range of variation 


t. 



overtapn in all fhr«s ci*e«. Specie* B, «n the other 
hand, »eem« to show nipi* of dtvtiioti inti» at least two 
Mparate groups. 

Differ«fi«( of « simil.tr kind arc sometimwi to be 
found OHiofif the progeny of the same individuals. 
Racai of gtfto peas may be selected whicli, amongst 
other differenci*, are chari«leri«*d by Ibr presenctof 
large and of wnaU scedb respectively. In each «■» 
there is variation of a normal kind about a mean vatut, 
hut in each case the mean is quite distinct. There is 
evidence ttot if a race of larfe»sccded pea* is r routed 
with a SHtnali-secded variety, and the resulling rro«i-hr#d 
plants are fteU«fertll«cd, their progeny in the second 
pntraiion will be stimiiible into different fmupi, and 
mmn of these wtU diow altncwt e««:% the same mm 



Now, it is dear that if we mixed togidher flit* s<’«-d . 
of several different races of peas in the pr<»j*er pr*». 
portions, the result might lead to a nortnal tlislrihutioii 
of the kind presently to be clescrilK’d. The several 
races, however, would none the h'ss h<* jHThxtlly »!istinet, 
even thoiigh we could not sepjirate the itidiviihcil 
seeds belonging to each by any direct nidhotl.* Such a 
mixture of races would constitute a deejchtl pitfall for 
the unwary statistician, and it is well to retmmther 
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expri'ssnl }iy (Jiipfrlii wli«'n h** wr«»i<- 111.4! '.i.aj.fj,' , 
mufct bi‘ without iiny )%' <i 

and withoMf iirglrrimg any nnml*i-r>*. Wr '-I*. ill I'^v! 
that in this* iKunt th** hioitndrital iin tlwMl <|iik jh 
from thf itni‘fh*«f mtr«dtic;«*t| hy Mrtj»!<-!. m th** 

latti*r carffn! di^riminalion »»! ifata 11 ,in « 
kAtirrc*. 

The quantitative tlrtcriniiiiHion of a i m.iy 

i. ...... 1,,.* ... ... 




riiliKt' "-r.Jri!, tnai !■» in My, .in mimorr 

»•! .If' !i*rlmir,iUy kmmu ;»% (kn%f%. 

’I htn if Wf' .Iff drilling ivilh litim 4 n .»t ?4 li «siir 

nti'ii'iiiriisirnfs wcfr tn 4 i|f «nly f« Ih*- <4 jjn ii, all 
flu* intlivulnah nf 6 fcfft in liriglit tt'oul<l 141 n}»<o*Mr 
rl.iN'i, nf ft fret t inrli into rtn‘*M»rr i la,*, and 

•trt, If, «*tl l!lr «ifhi‘r h-ind, wr Wrfr <| |f5 « oulil 

iiig fir innnfiN'r ni ray fl«irrt* in iln* « f .1 

fi WiniJti irt» }»l«!r* 4II llnwr y.hi« ti j*< 

a }».triir«!.tr mimtu-r of r.iy«. 

Wltlimit lllVl'»l*»n Iflln iMwrt, Imwrvrr, .1 Mliyry «,! 

a rnmjwrativHy <4111.111 n»imli«*r «if »«r 4 %wf«'nn'nf>t msy 
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extraction, and exhibits in a concise form the result of 
measurenn’nts recorded by tin- Cambridge Anthro- 
jKjmetiic Society. In this figure the stature in inches is 
indie, iti'd on the base line, whilst the jwrjjcndicular 
dist.iuces indicate the nnmlier of cases in which each 
jrarficular height was recorded. The separate cl, asses 
in this » ,isr iiichuh’ those who were hmnd to fall wathin 
the limits of J inch cm either side of each consecutive 
integral inch c»f stature, rneastirements which fell 
exactly half-way ladween two classes~g,g., one of 
inches— “being reckoned as a half to each of the 
classes in cjuestion. The contintiotis line in the diagram 
represents the form of the * normal curve ’ which 
approximates most nearly to the line obtained by 
joining together the points actually plotted. 

There seems to be good evidence that in such a case 
at that of human stature the figure obtained in tins way 
will apjiroximate more and more closely to the shape 
of what is known as a nomial curve, according as the 
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And !l IS di’.ir that any onr o( ihr'v<‘ ritmliuMiion*-. i<4 

♦ qu.iliy Hki’Iv a{i|>*Mr on any givrn d th»? 

coins aj<* Mij»|Misrd to Iw sliictly '•v!iim' tri> al, and atp 
toHsrd »{» rntinlv at random, N<m,, tht M^.tnd and 
third imilts ar** tin* s;imr mdcss th*' U%o untr-* at** mds- 
viiitially dislinjitmsh.dd*'. wo may wrsii* fh«- inr»<*t 
likrly rcstiU «f tossing tip (wo jHimio, (<>01 fimo,, m (Ik* 
following way : 

t n H ♦ J If T I I T T. 

Anti in a similar way wo may disrov* s final ih«* ntosf 
liktdy result of tosMMg up ihr« o 1 oins « ighi !»m» 1« ; 

t n If 11 4 ,1 II If I ♦ I II I i r t I I r. 

In the first rasi’ II 1 ' is toiro as hk<-lv i«» appear as 
II It at any singji- ilnow. and in il»o s€-«»«ti<l «aso If If J' 
is three !im« » as hlodv as H II H ni any f.«vs 

It is jttissthir to W«»lk otil tho most ptoiialilo loialtvp 
frt't}«i‘ncy fd the various j>c**s»l4r lomUmatiotts in flm 
cam* t»f any niimli<'r *»f coins, 1 tins for it*n tonis ilm 
i«iui’'nc«* of nnmb'rs run* ; 
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TIk^m' values arc plotted in the accompanying 
diagram fF«g. h) as vertical distances above a base 
line. The figure obtained by joining together the 
points thus arrived at may In; obsi*rved to show .some 
lesiunblance to the previous Figs, 4 and 5. 

The three series of numbers already given arc those 
which are obtained on exjranding the expressions 
{I 4 * r)®, (I + i)L (f « I)”*- In general the prohahihties 
of the various possible combinations when » coins arc 
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diffsrrnrn in the rebtivr numhft of .mr! i.iilti 

than 5O0 : 4jy lx:com«’» very small in<l» nl. Althongli 



I 

I \ 

1 t 



Vm, 


M throw of aU Iwadi or all fails is [MHsih!*'. flu" odili 
against such a rrsnll licing «vt»r aciiialty sritn ar« 




«.4‘ ti* 


Fh», 7. 



itooit inconceivably great. In Fig. j» ili<* middle 
values for (j 4 1)*** are j*lofi«|-— ihoie ciifiiblnaiioiii 
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being incltulf’d which lie between 550 : 449 and 440 : 550. 
The poinis thus obtained are so close together that the 
eye can scarcely distinguish whether they are joined by 
straight or curved lines. We have, in fact, arrived at 
a close a{>proxiination to the normal curve. 


The curve thus approximately indicated may be 
seen to be clostdy similar to the one shown in Eig. 5 ; 



practically identicil. 


Tlie figure arrived at in this way appro.ximatcs to a 
mathematical curve which is intelligible to the mathe- 
matician from the formula ■*. The theoretical 
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onr fif rlnnrnts di'jn'fwlH njwn laclnrs which we 
have no nn-ans o( cI.tssifymK cxacUy. 

It HOW lirct)mes iirccsswiry to mention mu' or two 
tcdinical terms which arc «s«*d in connection wHh the 
normal curve. The mmk ni such a curve tu the 
longest iw-rpcndicular whii:h can \m drawn hom the 



l»a.i«4ine to meet the curve itself fit in the ahov« 
figure). The curve is symmetrica) «n niliei wde of the 
mode—that in to i«y, any two }ier|»rndicMlaf* dritvo 
from the haw* to (he curve on eitfier wde of ll»e nurde 
and at the itme distance from it will lie cnual iii 
length. 

When dealing with a tymmetrical cur%*e Die jumiwn 
of the mode ii identical with that of the '-the 

l^rpendicular line which divide* the aira «4 tlic 
curve into two eqnai halve** and tlie foot of tli» 
lierjicndiculiir also repreientf the »«ca*i or avetagr of 
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an the values from which the curve is constructed. In 
any actual case obtained by practical methods the 
posifi«in of the mode, the median, and the mean will 
only be approximately the same, iKiCause such a curve 
is never perfectly symmetrical. 

The same curve can always be reconstructed if the 
position and magnitude of the mode are known, and, 






Ijr airvr if' 


If out ihore(or« be eoni|tAr£^ ikith other 
iMwmtiiii the ¥ttrialiiiltty in itoiure titui in 
unelori thown toirioui other ipou{«i 
b. Thi*, th«n, hi tb« firit tmiiwrtani htMite' 
it which w# luivi arrtvod at— -the dctermiiMi- 
OttneriaJ n^nrMuting the umoiiAl ot 
udoMlity in any giwen i»t«. 
nrt of vtrkUtUty nram oft«i oiwd than the 
MfieeiaUy in raotnit work, hi who! i» luiowfi 
fwhird of n oorinal curv#, onti may 






!>f* I'xprc'SHJ'tl shortly its «r. «r reprostmts a distance from 
the nifwie etpia! tt) y i o Tims if o is known, q 

ean l>e re.idily detennineci, and rire verm. The reason 
for I fie tnoic fretpjent use of tr is tfiat it liappens to be 
tlefeiininahle with greater aeciiniey from an aetnai 
series of variates,* 

We hitve still to find a measure which will eniihh* us 
to ettmpiire the viiriahility of parts or orgiinisms so 
different that they require to be. expressed ill units of 
*|uile different m;ignitudes. F«ir this pttqiose what is 
known sis the eveMcimi of xmriabiUty is ust*d. This is 


standiird deviation by the magnitude of the mean in 
any partieuhir euse, and mnltiplying the result by too. 
In this wity a meiisiire of vitriability is arrived at inde- 


whieh were euqrhryed in irbtaining it, and variabilities 
previously expresse.d in terms of different units can 




iiA'i^raga »t.iliiri! nf I 
^ir:i* ■ %mh fliAf it *111 mvrn cli.iiirr - 
;€;tt|.iily fr>iiil 4 lir |:HPl%%’C‘r:ll fliriii 

iiwy Ik* fn“jir«‘v.r4 tii anriliK^i m4\ 
lir ftiriii *4 4 rnt%^r a hmg 
mn% «i a jiaritctil’ir % 4 i|iic» tli^ 
iiitglr ilrlrriiiiiiafpiii will nmtlv 






pl;ia* itH vnltie vanes inversely as the 8c|uare root of 
thi’ n«ml«‘r of variatcs—that is to say, that in sudi u 
case as we have iiisl described tlie probable error varit's 


drawn eacii time, vve can reaiue ims point more 
clearly when wc reinember that the linear dimensions 


We have seen that it is an even chance whetlier a 
sinftle determination tlihers from the projx’r value by 


an amount wnicn we may «enm« oy me letter $. 
The chance that any particular determination differ* 
from the true viilue by more th,an twice the probable 
error i* 4*5 to i against. 

The chance that it diflem by more than 3# i« ai : 1 againW. 

n M tf ti 4 e ,, 14a I I n 

»i i» » » 5 ^ «* 1*310 ! I ff 

Tlii* is dearly very valuable information to posses* 
when we arc disiling with any kind of statistics. 
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rrgnrd fn r«'Iatioitships Irom among the general 
pojnilatirm to which these fathers and sons belongi;d. 

Now vkc shall sec later on that this is not the only 
way of Iwjking at the phenomenon of heredity, nor is 
it the way which is most familiar to biologists. Bnt 


8? 8* 'er, fiS TQ 7? 74 rn 



It ii important to remember that what the biometrician 
mean* by amownt of inheritance is a nnmirical value 
which expresses the average degree of likenesis between 
a partienkr pair of relative*— for example, fathem mad 
Km. 
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In tlir* ' I i*rr«'lali'«n ’ givrn <in i». ,i 

iiii;)Kin;iry illH'fr.ifjon ,ir<’ fh»* 

t)f 4.505 fath»Ts. nncl fhonr «i( «inr s«(n of 
r.uh of ihnn. Thtiv- 14 f;ithrrs. oat h <'»i 
;ij«’ fo h;iv<* !4 ’»on'«, whoi** h« ifj!ns .iro 

pivf n in fhr first f«»l«!nn. Th»* w-rios Jif h.-i},*h»s of sons 
forrospontling to a jwitknlar « liss «,} f.iihi rs in ktmwn 
m an atray. Tims ist* h rohtmn of tin* f i« jtr* *.riiH 

an array of suns, anr! siinilarly r.n h Im*’ jir< nts ,in 

array f>f f.iih' i*. Th»’ itnalo of « arh atray of s<»iH if 
givf’ri in fh»‘ liottorn lin«’ of fhr tahlr. 

Now if sons wri'r on fltr .ivrr.igr rx-oll^^ fhr saint 
iM’ighl. as thi'ir fafhrrs. thr moilai v.i!ijr of ra* h array 
of sons tvonhi Im* thr sajnr as thr hriglii »4 ihr rorrt* 
}t}it*i>d}ng rlans of fafhris. If, on fhr t»ihrr hand, Ihrrt 
wtre no torrriation Iwtwrrn thr bright « of Kins and 
thoft of fhrir fathtrs thr nnuJr of tvrry array of »on» 
would bft till* !i.nnr, arni thi* valne avonid fit idrntral 
with till! nnKlr of tlir hrighli of all thr soof laktit 
at oner. Thr actual rrsult is found to In* intrrmtdiate 
between ihrw* two jrosfihit txtrtm«»*. Thus wt urst 
that nous fend to lit like tfitir f tthrrt in rr*j»tel of 
stature, hut not tsacify like, and if thr esamfilr givrii 
were a real one the fundamtntAi f.icl of u j»o%ii»ve 
rmauhlanct or rorrrtafion belwern thr fiatorrs of 
fathers and sons would at once lie clearly tfiablishnl. 

’ITie way In which a niiititrical value 1* affarltril to 
this ciirrrlalion cm be shown graphioilly. 

In fhr diagram oji|io»ilr jbe dots imlicair ihr vahtr* 
of thriwMlrf of flit several arrays of sons as read od on 
tilt vertical scale to the left of the figure, fhr height* 



on th<- h«>rizontal sralr. It will he seen that this seri«>s 
of dots lies nearly in a straight line wliich is inelined 
at a certain angle to the horizontal. 

Now if there were jH-rfect correlation Iwjtwet’ti the 
heights of f.athers and sons, .ind no tentlency existed 
for Sf>ns to Iw more like tlie general nwde of the j>o{ndii- 
tion than tlnir fathers are. the inclination of the line 
obtained in the alxtv»« inatiner WfHild lx* one of 45 
degr«*es, as in the case t*f the line (*1) which passes 
through tin; points at winch the values as nswl off 
in the vertical and hori/.«»ntal scales are identical. If, 
on tl»e other liantl, there were no correlation tlie line 
would bti horiwnital, as KI*‘. 

Tlic value t.ikjui to rejuesent the amount of correla- 
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jtlr.nuht Im** m^ikinis .in «»f 45 'Mih tW 

|»,i)w- Imr. fh.ii 1*4 lo I».iving .i of 

I »» I, «»r unity , iaIiiI*** tti«- mfir* <4 l 

u»fu !4 I*'* t< |^i<'»<nt<-»l hy n liiif’ h.ivinf; n<s 

to ■44y, A hornfuiitiil iiiir , Thff r< in ihf 

rxiiinph' givfii i» r»‘}>r< •«*'ntr«l by « biir lnvjnfj 4 
iA «»’4uly I in a. <4 «) 5.* 

In thf following tahli' fhw 4tr «-t ilown fhr forte* 
lation r.»»fffitienl^ for in thr tm*> of jir-vm p,ii» 

of rrktion!*, m obUinril from artu il itibi of .1 *imikr 
clmractcr l«i that alrfatly givrii by way of ilhi»tr.i!wn. 


TAHI.K V, (re-*** 

ton ««•«»*< ot^irKii. 

*ik! »•«» .<• *>4M 

•iwl ... ... wpo 

Mnlltff lutii •*•** ... ... ** 4’*4 

Mfirthut ... »i»‘y 

lltwilivr 4)»d Itfuilwt ... .... *»*M 

Kiwei^ Had ... ... O'l, %f 

mtd •IMH' •f* *** W tIS 

01 the »b»w, the (mt lotif vaJue*. irjifoseiiiing 
hetwitii iwreiiti a^id children, a,fe ierinwurty 

• Cmttimi f/mmuAf niiwk* tneilwd !• 

•mjifoypd «» tt» <anwl*n«« of two r.f <M«an* «»f 

tin? Mttie Iii4»wld««i Pw ***m|4«, tlw* of ihm *i«!H 

telt mim of ison tm very tlttwty In bt 

attach a ¥•!■«« in ihw towirtation ilw truefiii *4 

Uw fight atm* e| a nattth^ of emn m* lifaM «* »S*« *'*nw* 
*«y «n ih# sialiifiwi of M fho »iia*M|4#' t»**'*». IImt 

iMitto eg th^ lelt wwi to the amne way aa iSw of 

•«*, Th* propp-t ettftaiafi^ «atoici»ol f*« iIko t»«“ bmito 
Ilf the fOHitt} or the lahour of nwy ha 

(towiatog hy a {nmaw of t id eni a tio ia. 
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, as ri'ganls thrir value for representing qnanti- 
a hereditary relationship between two indi- 
by the fact that tfje statistics from which they 




■. « ikT 1 M 1 1 m » 


iMSlIiKilMBBfati _ 


bcttt'ccn husbands and wives in prnnt of stature, 
amounting, indeed, to as much as 0-28— the result 
of what is technically describt!d as selective mating. 
In fhe ahsencfi of such a relation between the statures of 







illl.fi tifith atf* *^..11111" as tlir fiUMii li« i|. 4 lif tn 
piijilllatiwn, flir rof^fltririit nf fr^irsMun ^ 

til till! redjipM:,;il of tlie eorfrliiion lUiirui 
fatlirrs ami $nm. Iti .0 111.1! juatfor tl^r* Mfiifliii 
siikioiii realiml. aticl it h thru n’^*‘ 4 


trie rcgrmimi cm^fticiriiL 


Profes^tir I%arstiii has rsl<aph"«l tlie icfra nf ro 
lion to Ihe ca.^ of cliararlrts m’linii ate loit iMi»4 
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log 

ahjiv* Jiii’lhotl of dotcrniining the value of a eorrelation 
roeOirieul was ir,!eci liy arr.ingini* in a similar manner 
ilal.i wi?h ii |.,jnl (o stahire which had already been 
foafril in the ham nf a complete correlation table. 
The whole number u( f.ifhets was divider! into two 
ji«ro»i|»s « rmt.iiniiif; the indiviihials above am! below a 
crutaiii st.ifuie, ami the same was done in the aise 
of th«' son-, Aurl (he separatirui into twrr groups was 
made in M’Ver.d rldfeient w.rys by taking the dividing 


eABr s’ iAi, romin.ATnm or erwr eot.ot!H« in iioksks. 


fill m^; 

Islflll*, 


C\4e^f, 

tHf 

m4 


flay ifitl : 

fnt 

I3f 

7c6 

mitl ligliirr 

M7 

14? 

f 5(1 ^ 

m4 

Ttifiil ».♦* 1 

77^ j 

i?i 



line Ijfttween the groups at varicnis heights. By 
applying tt» the statisite disposed in these vtiriotts 
arrangr fneiits tin* ».ame method a* was appUeil to the 
statistics of hors** cr»hmr already referred t*», values 
varying l«*fweeii o'5a and o-6 were obtained for 
parental cnrrelation ; whereas the value arrived at by 
the more usual and reliable method was 0314, It 
would therefore appear that there is with this method 
a tendency it» i*hf ,un t«m high a figure, as compared with 
that derived from th«‘ method of the c»>mpletr* correla- 
tion table. When this source of insujcuracy is taken 
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info ron'tidr'r.'ifion, in combination with fli*- »!niibtfii!* 
nftSJi of fitc assumption upon which flw nnlhotl jn 
bawl, it Hccm^ clear that its will oulv Kiv<* »ih a 
roughly approximatfi view *4 the «:otr« laij«tn .i»lu.i!}y 
existing in tfie eases to which it is applMil ilaviiig 
made this reservation, we may compare the vahie-, 
given in the following table with those whic h .»|*|»c are«,l 
in Tahh; V. ; 


T4IILK VI. if mm PfAHmnl. 


lliiifiiiii «yf? mhmt 


ft fill 


liftititifl, rmti i'.nhmt 

.. . o ^,>4 

CkiRylifiiiiiil* cmi cnlfitir 


AvxxxtjK raxtmxxAC toxxxMtioa, 

ty«* rtilnn# 


*«# 

.... «r.H 

lliiiiiri Inmmlt rmt mtmm 

,, <H»4 

ilmfhmmtU tml m 


Ifteyliwiiiiili Mac'Ii m ci#«i 

.... 


Thui if we uie the term inheritance at present *im{4y 
to cxprcM the fact that a more or le»* rkfinite 
numerica! value can be altachcd to the average amoiint 
of resemblance between any sjiedfied pair of relatives, 
we see tfiat a considerable nunil>cr of physical character* 
appear to b« inherited at approximately the same rate 
In men and in antroai*. 

Mon* flijiii Ihl*, th^ofcMor Feanon^ lia* *how«, by 
the ««* of the same method a* wax applied to the case 
<d physical ehaimtem not qoantifnllvwly meiituraWe, 
that the average r^mUanee in mmttd cliiuractertote 
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betvvirn p.iirs .if lir.ilhrrs. pairs of sisters, and pairs 
nsaib* lip of a lirollu r and a sister, ran Im? expressed 
fty the values given in the following table : 


TAUl.K \^I!. {IROM f’KARSUK). 


Wp 



iir*>tlwr «fit| 
liiitif. _ 

Vitarily ... 


m3 

0*49 

Aiifftitrnrii 


o'44 

o‘5a 

tllMI 

a$9 

m? 

©•Oi 

Fofimiilf 


m? 

0*49 

iilitmiaiitii * . . 



o% 

Ttnipcf 

0*1 1 

0*49 

o*Si 

AMilf 

0*4^ 

«»*47 

0*44 

llniidwritiiii..* 

m3 


o* 4 S 

*** 

w‘|i 

0 ’S* 

0*51 






A sample of the ndleetetl faets from which this 
information is arrived at is given in the following 
table ; 


C50»liCmj<TIOUS«*S» ! MKOTHKK~8ROTHSR. 


t 






tmA 



mil 


B** ##• «■#» 1 

I'Jwli »** .#»* 0B« 1 

070 

iiO'f 

Ii6*i 

air 

i.iS-, s 

SOJS 

1 tlt#l ##» #♦# 1 

1 

i.nto'i 

soys 

I.O'IO 


Every child was claMnried in iliis way as being either 
above or b«*low an average standard In r«|»ct of each 
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dj.-inicfcr. Th(* r-slim.nions w« r** liy tr; 

having at least six montlis’ ex|K t}i iin- of tli*- t h 
in qu«*sfion. 

Till' metliml of sfalistiea! Irraftn'Ht was, jts w« 
said, the same as tiiat enijiloyeii in tlx' ras«‘ of jii: 
charafters not eapahle of quaiifit alivi' m<*a‘an« 
and there is little tloiiht that it is ei|n.dly valid 
present ease, VVi* may wi‘11 feel, however. 
}H*sitation in aceepting as smmtl the ilata to wSiii 
metliod is applied. At the lM ».t this data can o 
of a rmighly approximate kind. The evider 
however, umlotditedly sMtticienl to ^•stahUsh fh 
elusion that mental characti'rs ate inherited in 
and that they are prohahly inherited at a ra 
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every ancestor of a particular individual cfmtributcs 
its quota to the heritable qualities displayed by that 
individual. The law also states that the average 
amount of rtscmblance bedween an individual and any 
partictilar ancestor is capable of delinitc numerical 
expression. Thus the mean amount of correlation 
Iwtwcen (i) the two parents and the offspring, (2) the 
four grandparents and the offspring, {3) the eight 
great-grandparent.s and the offs|)ring, and so on, is 
believed to diminish in a geometrical series, which Ls 
the same for all organisms and for all characters. The 
actual amounts of these correlations were exprissed by 
Gallon in tlie form of the scries 0*50, 0-25, 0*125, tdc, 
Pearson regards them as being more nearly represented 
by the more rapidly diminishing series 0-6244, o iy88, 
0-o6jo, etc. 

Now, there caji 1 «? no doubt that the law as stated 
above has lK:en dispnjved in sjafcific instances, and was 
indeed disproved by the work of Gregor Mendel before 
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arr> hash'd tipnn the* aiisiimption that tfiii- law of ant*' '.fra! 
h«'r»*rlify is sfrirtly tnu-. S<» that wlhlst wv h.jvc 
sjw nt ‘•'iinf tinif in < i»iisif!<’r)nt; t]}«- !.»« is of «oinu! 
%Mria!»)!ify .m^I coiTolation !»«tw«on tOafnas, 
Iwraiiv ftx M* farts Me cjHjto jn«h j>< jtrl. nt of atjy 
th« nr«ii< al assmnption. iho r« majrjtfrr of our r«*v!« w 
must Ih* passicl ovi-r .it a in'Tr i itr. I'ldi! 

ttw tSi rnu firal rtamhtsionH mw to |>i; »!« v< ril)*al havo 
tern rrvisrti J»v fh»-ir authors in Ihr hijhl of m j-nf 
klU}Wlrcl|!;i', it is diflkult to say hmv m<i« fi t* hatirr is to 
te laid upon fhrin, luit it sii ms ipnt«' lik* ly that tlwy 
will h«»!tl good as appri»siinaliojis. Ind»»’<i, Ihmigh 
not ajiplying to individti «! «aM s, th«” !.im* of .mrrstf.il 
hwdity drM‘s sn-m to h«»hl good as a Hiatistir.d s|.it«'- 
mrnt f>f grnrra! roHiilts. s»i that th« i«* would fw IM» •dijrt;- 
tion trt it on rithiu th«‘oi<‘tjr.d or pr.olii.d gioiuids if 
only it had lua ii riuinriafnl in soin»* such trrms as 'a 
law of avi'Tagr anrrstral rr*aiiihlaiir«' * I Inis it is tjintf 
pwsihU? that fht* total conltiteition of flu- right 
grandfrarriits of aii itnltvitiiMl i«.iy te mi fhr avrrage 
corrrctly rrprrsmitrd by IVarson's frartimi, rvrn 
fhmigh thrir individual coiitributnins arc not always 
the sitinc. 

Lrt us, then, briefly examine some of tin* further 
cmirlusions which have been drawn from the data of 
the bimnetfiriaus. 

Assuming the law of ancestral heredity, l*rar-on has 
arriveil at v<*ry interesting concUisions with regard to 
the 1‘f’fecf* of artificial sideetjon when the correlation 
coefhrients have ilnwa* valuM wliich have te*en ocliiilly 
found for them in the case of the human race. In lh« 
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st.itcrarnt which fnlh)\vs, ancestors are supposed to 
have been selected showing in each generation a devia- 
tion h from the general mean of the population. Thus, 
suppose the character s«‘lectcd to be stature : suppo.se 
the meaJi height of the [mpulation to be 6 feet, and 
the selected individuals to be 6 feet 6 inches liigh ; h is 
then 6 inches, and only individuals of a luight of 
6 feet 6 inches would seh'cted Jis parents in each 
generation, so that after three generations of selection 
wc should t)e dealing with children whose parents, 
grandparents, and great-grandparents were all of this 
particular lieight. 

Pearson calculates that after one generation of 
selection the immediate offspring will show 0*62 of 
the character si‘lecti:d (o'ha h). After two generations 
they will show 0 H2 h, after threj* o'Stj h, and after a 
great number of generations 0-92 h. Thus in a com- 
paratively small numlH'rof generations the development 
of a character may be raised to within 90 per cent, 
of the value selected, but , after this, further selection has 
very little effect. If selection is stopped after one 
generation, and the selected stock is then inbred, it 
was calculated that the first generation of inbred stock 
would show o'59 h, the second 0*56 h, the third 0*52 h, 
and the tenth 0 35 h. If, on the other hand, in- 
breeding was started after the selection had continued 
for a large numlxjr of generations, the fir.st generation 
of inlired stock will show 0'86 h, the st;ctmti 0’8i h, 
the third 077 A, and the tenth 0 '$i h. So that in- 
breeding of a selected stock is followed by a very 

8—2 
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gr;tdua! ivtum lowaiils Ihf m«an t liar.if ti’i «*! the 
fjrigin.il t.h »•.* 

If rnn^f Iw rrmrmln’rfd th;»l in flw’ r al* til ifmn wlurh 
|«t! tolhi-'r* nil }K'rl« ff nn}in.*l vau.ilidjJv w » ■ .i'-*nmrt|, 
and the rfnifrtl>tifi»m of rvi-ry am of !}»«• •.»»!«• 
{Irgrt r* If* ihr !)f i« dif iry «»f th'' off'-iirnig 

wa?* sup}Ktst‘d |o tn’ rx.H fly hin*«’ flii'M* 

a!*f*ntn|*f iojjH ar<' vrry ttnlik'ly !o l»«' in ;sny 

acttial r iM*. Ili«’ in«'nf h* r< n tnn 4 onfv In* 
r»*gati!i (l a'4 aji ap|noxij«a!*' HH!ica!i<»n of what k 
hk« ly to takr* jila* *’. 

S«tnr ri'inarkal*!** otw* rvafionn liavr r<'r«'nf|y h»'«’n 
puhlkh' tl hy Froft'sHor JiihannHrn, of f'njmiliagrn, and 
from thfiii art’ tlrawn rttiu win* h lik« ly tn 

li’jid tr> a diHfiiwt a«ivamt’ in t»nr t»nd«'rt*tanf!ing «f 
flu* jirocrs** of •io-raJltd tt»nfinuon<. variaiiun, anti «f 
thi? way in wdikli widi vaiialitins art’ trani*inilfrd. 
Johiniiijit’iTs romTui*i**ns.hav«' rrrt’nlly r^rpiv***! rpmafk- 
ablf cimfirination tf«’ w«irk td |(’nntng« im firti- 
tc»jet»a, m that we itre nnw iu»tifii'd <tsi atr**|»t»ng ihi’ 
thiury rd thp inirf hw* as a welWM.iWiHlipd working 
liyjmlht’sii. Wr shall fttnlinf itnr j»r»’tt«’nt artnuni !» 
Joliannsi'n's now ('i4s»iral itbswrvatnini. 

Thr* psjwrimt-nts in queslion wrtp m.nlp up>m plants 
wlitrh rmilt! In* wlf-fprliliml Inr a «*•«*•» *»f g* nrMtnan*. 
In till!* way many roinpht'alntiw vvcfr avoidrd whn h 
att* fiii'vtlahly introdirrd in lh« c»t«* of iMparcnt.d 

* Frum titik tt icwRui neoeMunly tn ioilnw itiat it »• n>k|»4»»- 
iiWe tOf«tAt4n>Ji n {utriiiAnvnt bnwd twmpH* l<y « w| 

iclwjdtw. f%«ni«w9< however, avoid* t!»i* couela^oa. 
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inherit .'lin e. Barley and kidney beans were among 
the plants examined, and the. simplest character con- 
sidered was the size of the seeds of the latter as 
measured by weighing. In tins particular series of 
experiments each plant was ngarderl as being 
eharacterized by tlu; average weight of the seeds 
which it produced. 

All the descendants arising from a single plant by self- 
fertilization are spoken of by Johannsen as making up 
a ‘ pure line.’ And the memlwrs of such a line showed, 
in respect of the weiglit of their seeds, normal varia- 
bility about a m«‘au or type value. The general 
populafitm of bean plants, mad<t up of a great numbrsr 
of s«ich pure lines, also i'xhihited a normal curve when 
the weights of tlu* seeds were plotted. The pure 
lines composing such a population showed various 
typrs, some of them close, to the modal value of the 
population, but others differing widely from it. If 
now a somewhat widely deviating member of a par- 
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ttn 

'4i(nv no towsKls Uu' tvp of t]w gen»*M] 

pn|tulili«m to whi« h th'* group 

If »’<• Wi r<’ tr» r.irry on thin conception to th*' r t-i* of 
liiM'Kn.il jnherilnnco, wr hIjoiiIiI f«n«! fli.i! lie 'litfcrnit 
pure Inn*'. hecojnf cro^***! ,ui«| coiifn * >! logrther 

tn a way which wonM !»«• v^rv rhflknlt to »h .1 
lh«*rr is no reason t*i tlotihl that 4 ilr 4 s» .»! in aimcnt 
of uMch a pnjxilation wonh] yi'hl simil ii «< ailfs to 
!!ios«' actually r*l»laiucrl !»y liiomrtri« jate fiom tliir 
rlat.i at their «lispt*sal ; and we may notice that a for^ 
t nitons mixture of a consjih table nuntlwf of pure 
lines, having slightly tliffcrcni !y|w%, wcmhl .nlmirahly 
fiilhl the ctinthlions we have sem to le* nccest<,aty in 
lh« c.'iJti* of material, to rvhirh nieiho«|s hascil tipin 
the thctiry of chance .arc to Iw apj»hc«l, ihc phe* 
noincna winch follow upon the crossing together of 
two or more pure lirn s have heen foiiml, in the m aiority 
itf ca'*<»H so far stmheil, to conlorm to those lawsi «f 
hererlity as-iJiriated with the name of Xh n»le| wdtich 
are fxplaimcl m t'hapfer VII. Ilmi l»em« the caiie, 
tliiye app-ars to lie every prohability that the theory 
of pure hues, in romhiitatmn with the me{}if«<l of in- 
heritance referred to, may adeiptately -M-rve to des« Mhe 
thos** phenomena to ttccoiint for wlnrli the law of 
anrcstral inhenfanre was ciilled into exisiein e. 

The comUisioni to which Erofessot JohaimM-n's 
exp'rinn nts lead him may lie mmtned np .»* lollow » 
Indivldnah which differ (in mm, for est imple| trom 
the mean «»f a piptilalton give rise to iitfspimg wlmh 
rlitfer fimn that mean value in fin* '*,ime dire< teat 
hnl to a smaller extent. Selection, iheieiore, will 



THEORY OF THE PURE LINE 


1 19 

produce a change in the average character of a popula- 
tion taken as a whole. Selection within a pure line 
produces no effect of this kind. The average character 
of the offspring of typical members of th(i line is tlic 
Kimc as that of the f>ffspring of niendrers which show 
the widest deviations from the type. 

Selection in a populution consists in the partial 
separation of those lines the types of which differ in 
the retpiired direction frotn the average character of 
the population. This effect must of neemsity come to 
an end when the most eccentric line is completely 
isolated. The great complications introduced when 
the lines are intermingled through mixed breeding may 
make this process of isolation a very tedious one. 

It will Ix! setm that the values calculated by Peanion 
to repnment the r<*sult of sidection in a population 
agree quite well with Johannsen’s explanation of the 
constittition of sucli a poptilation out of a number 
of pure lines. The ntsult of Professor Johannsen’s 
further exjKJriments will tfjerefore Ixs awaited with 
great interest by biologists and biometricians alike. 

On the theory of pure lines it is to be noticed that 
the persontd character of a particular ancestor has 
no influence upon his descendants ; it Is only the 
ty|M‘ of the line to wliich he belongs which influences 
the offspring, so that this theory is in perfect agreement 
with Weismajin’s theory of inheritance m dweribed 
on p. 7.}. 

It is also to be oteerved that the principle of the 
pure line applit*s only to quantitative characters — 
>»uch characters of sis^, or of weight, or of proportion, 
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.in' vrfy s«»!c|»im msul** of hy sy4i 
th** r!i>*!in< lion i»f n.ilural vji»<'rir<4, 

miilJiM.liAl’ItV. 

tJAt.TON*. I* NiiJursI tnht'fiiiinf*' «•»% 

i% Th^ fimmnmf ml ^ 

II- M- m .m4 

it . 1*^*1 , 

iliiWirlf |||4, ffyil 

W: : I.Trfrt i’tiilirlifeMi ift i%i|#iiliili^Wll li 

r«4iiri! ynirii. i*:r^|. 





CHAPTER V 

T»E THEORY OP MUTATION 

Mutation is the term applied by de Vries to express 
the process of origination of a new sjx^cies, or of a now 
specific character, when this takes place by the dis- 
continuous method at a single step-— a process which 



1^2 


THE THEOEY OE Ml* iAIfOY 


r«iilt «if IV,irwn**^ r^lnilafirin^i, f|i*.fnl»#i iti 

|lffCrclll1|| t«l llulKMlr IImI flir ,f }rr 

of ;i rrft;itii valtsr uf ;t |»,irti< nlar f-'ii m 

nrvrt In tlir f^siiii.ifi»fiii ^4 4 

in %%Tlirii thr irir;ni v;ill|r *4 llir ili.tiMflrl r* ! 
tli«* 'irETtrti I'ltif. 

will III K.ittirr tli.if 4 ^ 'J.llictitil «»f 

nir«' i’-» i'4i"v,rt| !iy N'lrrlion, llir v.iliir *=.« 4 rr|r<| mil 

■*^fill fiirtli*!' niw'd, aikI iiwl in mitV 

illllrflllllf’’ aitn'iliiil «4 Iflijifrivriiiriit r* rriml^’l«'4 ptt%v, 
If JitllllinmrH rt»l|rll|.,%|ri|r4 nr l^rll f*:i||ti<lriT till 
rliiiily iirit ttit* ciw , tm ilir niiff^rv* liirrr 1 
|M*rfrrtly liinit !*♦ ilir rffrivl m‘!im !i %r|«i* 

can firndtir.ii* 

11 'ir r|i|c^H,t wl'italirr «ir ti«t .1 gfacEial flirtliii^ 
lia^ ll^ll fM-rn 4 lr^oli| 

tirrniril f«ir any nr cliararirr^ ImsI it 

taiiily ^*mm tliat mm fm tli«- iir*4 fitnr ilir 
rif II lEdtiiiE- <lrii4«iti m %nlltm ‘irtEt At fin* % 
tiilir it m itllp«»'nEl«* tn|irf»vr a tiinvrixil lir^afivr 
Wf* Ictnk at til** fillirr rif t!i«" |»fiit4riit wr ^iliall 
tliiit tint cvidriicc? ill fiiyotir cif an |ii<i 

tiai MuUiplmtl mm Twitt^r lliaii tin* aija 

tfir mittimunm ucciiiiitilatinii iif itiiiitifr 
iilitl lilt* trtldlwiry i.rfl4iiily in I«>| «f 

tfiiirci^ Ilf «}rrilk Ilian tliaf ttlml 

cilfrrittl tiy tilt rratiifml ^drclitm nf rniifiiniwni im 

tiiiiH, 

Elvrii lnTtin^ tint mm e%i4«nir«" m4ii« li nr Tavr tai 
ctiillitiril mm available, ilntitaf E^iinl 

itiikiilliei ill the way «if ;tirrj4iii|} liir |ii 


COORI >I N ATICD STRUCTU R KS 


133 


Darwinian explanation to be so great, that he adopted 
the hypothesis of the inheritanot of acquired char- 
acters, .as being tlie only adequate explanation of the 
phetumiena wliich was in his tijw' available. 

Unforfiinatrly, salisfacttiry evidence that such a 
form of inherit anee ever art uallytaki s place has never 
been fortheomiiig in sntTicient ainonnt to lead to 
universal conviction. Indeed, at the present day the 
consensus of opinion among e,xperls is undoubtedly 
to the effect that accjuirerl charactr’rf. are not inherited 
at all, except in so far as better rmlrilion of the parent 
may l«*ad to the prmluction of more vigorous off- 
Sjiring, And it semns clear that such an effect as the 
latter e.anne>t go on aaanntilating for more than a few 
general ions. 

Thus wi! see t hat in the purely Darwinian view there is 
someihing wanting, whilst the Lamarekian explanation 
is ruled out of court for the present for lack of direct 
evidena!. If, at this point, we find that in Nature a 
C0"0rdinali!tl sad of structures can and docs arise in 
an .already iwrfccted condition at a single step, and 
th.'it siicli phenomi'iia take jslace with sufficient fre« 
ijuency to givu ample op|M)rtuiHties foi the survival 
of the new type so arising, we have at once discovered 
an alternative way out of the difficulty. Such a 
discoveiy must throw abundant light on the obscurity 
overshadiming the methods by which evolution hsis 
taken p!,tce, even thougli we may not yet have arrived 
at any kind of explanation of the cause of this phe- 
nomenon of co-ordinated and definite variability. 

The actual observation of variations of this kind is 
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of quite rivf’iit d-ite, ,»n«! th< ir r< - I 'lnu n >. I«i 
liui* to the exertion'i «it liiO mh. I’mf Mv' t l- ! 
Itu'* i'i the W.IV ill 'vhh li < v»ilnle»n . |.f . u 

am ient. and M esn'* |<i liavi Jn'< n jmh < 4 .jt I ■, \m a 
I’rrhaps the earliest iim* »i( II. < a* iij.il ' iii 

fiiMi ' 111 tliiH sense is U* he foinnl )n ' F.rn Ft.l 
F.jndemie i,’ hy I>r. I h'tnt.ts F.i<nvn<- I qn i 
Hook VI.. r||.q.!.-3' X., 'HI th«’ iiin'lin*-.'. of 
(secoml erlifioij. tti5n) ' We in.n* sav that m< n he«* 
black in tie- same m »nii< a that some |o»!Sf s. Sjuir 
Lions. tir4 Ituned tif tins cHniilertjon, wUereal t 
are .a einistant s»ni m diverse {'oiinlre-i , tint s 

Fhailfjlies raitie to have red |eg^;<-s and S»dls. Jh it t'l 
l«s!aiiie jiyed ; ,VU who h wM/.rljefii, Imvevef i 
Ircfjiiti, dej»**nd npon dur.dile f.inndaii.iii'*, and * 
as may contimie lor ever.’ 

The f'Xjiermieiits ti}Mm erms lini-dtnn. wliirli 
dew.rdred in a later t:ha|»f»*r. mil |m" ionnd bdly to I 
mit the idea that * jnnialioiis,* or delimie i liarai 
istks which have arin-n in a defnriie way, do dej 
tifMin duridile hniinlations. 

The htie Hri»fes*or Hnxfey’s eni|ihaiie aj*|»ri»v,i 
the ‘ Ofkhi of SjM'cies,* .a* M^nah/ed m hi* lev 
the first edition of that work, was fi-n»n«»ed by 
following mild cfifkism : 'Mr, l>arwin% |n»‘a 
might, we think, have Ireen even sironget th.iii i 
if he bad not emlwrrassed hiitiKdl with the .iiden 
“Natura non fadt s,Utnm,” whidi toms tq* «» o 
in his jjages. We believe . . . that Xatnie d<m-’* n 
Jninpi now and then, and a r«0t^mimn ui the hn 

• I «rn tndehteti to »y friend Mr. U. f l<n 

lalerence. 


of no small imporianco m dispossnp; of many minor 
objections to the tloetrine of Iransmntation.’* 

The first person to forrmilafe a inon^ or less precise 
view upon the snhji cl of definite variation was Francis 
(ialton, although this author never entered into the 
fjuestion at any great length, fialton’s attitude 
towards the problem in its early stages may be gathered 


heritance ; ‘The theory of natural sruection might 
disjwnsi! with a restriction for which it is difficult to 
see «;ither the need or tlie jnslification—namely, that 
the courja^ of evolution always proceeds by steps that 
are stwerallv minute, and that become effective only 


and that th«;y must be small, are very different views; 
it is only to the latter that I object, and only when the 
indefinite wonl “ small ” is nsi’d in llie sensi: of “ barely 
discernible," or assmallcomparedwith such large sports 
as are known to have been the origins of new races.’f 
But more than tliis, the idea of the existence of 
stable forms, such as may suppawd to have arisen 
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kinds of cnr, ‘ nmmhuv .. 

aw! fn„r-u|,rrFr,H. ar.- sj..-riiK ai,,! -v - ll< n« 
fifHi'. fif u Jiaf I wish f«i . hy m. , ijam. 4I (vi,. s 

clKfmKuishr.! .n!.sv|»c... An., ♦..4-.! L 

prrnrm,nn,H m .-arh fh. n, ar.’ v^arSv v . {,„< 

!»avr ,,S yn ih. „M 

« hid, ranno,. ,1,.,^ Ur aj,,« 4r.. !«■ . h 

Uikmf; U,.. r„. fi f ..a.I-m a* 

‘•y ai«’. ’ill Ihrrr |,.,v.- !,,«?, snnu.ron. |,,„v 

ami I«,lr,,fr<| i!o„!r,vam 1 ..,,,1, ,, dnfvui 
In; imj>rrivi.|,„.,,i 
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Thr frmmry .,n,| 4, - 

hy muil.., « I,..,, niirn., 

• ' s aufui lalMBiy**;#/ p ^ 
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Thfi first position of tlie model, resting upon the side 
A B, may be taken to represent the condition of a 
type or stable form. A comparativaJy small push 
(variation) will lead to the prorhiction of the subtype 
ilhistrated by the ijo.silion HC. When in this new 
posit ion, it is easier to catisr- the. model to return to its 
original po.sition A B than it is to make it pass on to the 
new and more modified position resting upon the side 
C I). A strtmg push (mutation) may force the model 
to pass tlirough the position C I) until it comes to rest on 


J 
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com|>Irl»,' rcarr4«grm«m( «»( fh*' r. it-nnisii.e r-irp 
in ordir to arrive at a ii«n% jmsiiion f4 
and this rhanijr would !»«' ,o < otnii.un* d hv a m 
alirrafion in tin- « hi inir d |»)o|»< tti< , «d th. 

In like niainn’r the rlmnir i) « <it ihc 
suhsl.itu'i’ of A rare of ortj.uuooH in.n !•< 
idfrr step by sl« p, every Mu.h '* 1 * p iH inj; .»< < ot}i| 
by rf}inj»,ir.itiv«'ly iitiim}wiri.int rh uifjes, jn ii» % 
characters, until the time ariiv<% when any ft 
allc'iation must tw awriaird with a <l« ep iwaird 
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fcatiife* of the metldwtis of the face. 

The first really dehmte attempt t»i reilhei ah 
ordinate the facts «»( «liscont unions vaii.i!toti %%a» 
by llateson in Ins Isnik ml it led * Mater i ds f«i 
Study of Variation.* published in T|ie 

duction and coin biding remarks at East of tins vi 
ought to !« read by everyone win* i» inicrcs! 
thesit »«bji?ctt. The bulk of the tnnik eoiiiiiiiii u 
of materia! of great value to sjn-cialisl#. 

After {sointtiig out tlie difftadtirs whn Ji prevo^ 
acceptance of the ortlnidua belief in the origin « 
cunfiiiumts ami apparently adaptative lyjn s of ai 
ami jilants tbrougb the action of naiuraJ iwlecii 
initnilo variation*, difftcufties to wbiejt wt 
already paid some attention. Bateson ire.irds hn 
vktion that the fact* of dnKOftlininiua variainm . 
a way out of th« diflftculty. Hr *bows Ci| tba* < 
enctu of the kind wJikb are ge«w«lly used i< 
ting uiili leparate qpeclM may arnk* a* «ngle vsr wit 
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( 2 ) that such a form of variation is by no means so 
uncommon a phenomenon as was formerly supposed ; 
and (3) that variations of this kind may occur in 
every description of organ and part in a number of 
difh^rent plants and animals. The facts with which 
the main bulk of tlie book is concerned have reference 
to the animal kingdom. 

We shall find it profitable to consider the views 
cxprcssiifl in this book a little more closely, though it 


summary of the facts upon which they are based, and 
for whidi reference must be made to the original. 

In the first place Bateson calls attention to the 
phenomenon of aymmetry as being a characteristic 
feature common to almost all organisms. This sym- 
metry may manifest itsitlf in a number of different 
ways. In hilaimtl and radial symmetry the parts 
symmetrically dis|>osi;d are related to one another in 
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KfrrisiHr vatialions air vaiMiion* in syminrtry 
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nuiiitiiTr of organs in a srrirs may cwncnvabJy i 
pla«‘ gratliialiy by ih«t atbliiion or snbitanion of 
ci'SAivr fractions of a j*art. Ilu(, a* a imitirr of i 
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to be found in th* case of cltangirt in the iiwiali*' 
•uch j»a.rt« at the (eelli or vertebr* of iwaminaJi ; 
aparticukrly foodiiiitance is afforded by the variai 
wbicb take in the numf^ of ray ftorctu in vat 
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composite plants — e.g., the daisy and chrysanthemum. 
It is suggested that meristic variations are connected 
with definite changes in the mechanical relations of 
dividing parts, and tliat it is in the mechanics of cell- 
division that the explanation of their discontinuous 
appearance is to he sought for. 

Thus when, for example, a tdlip-flower appears 
having its parts perfectly developed in sets of four 
instetad of in si-ts of three, it is suggested that the 
arrangement in fours, like (he arrangement in threes, 
fulfils certain conditions of equilibrium among the 
forces whicli affect the celhilivisions in the rudiment 
of the flower, and that these conditions of stability 
would not he ecpially well provided for by any inter- 
mediate arrangement. 

Substantive variations are clianges in the actual 
constitution or substance of the parts themselves. 
For example, a plant willi coloured flowers may give 
rise to offspring the flowers of which arc white. There 
seems to be no mechanical necessity for such varia- 
tions to 1x5 discontinuous rather than continuous ; it 
is quite |>ossible to imagine a gradual dilution of colour 
taking place throughout a long series of generations. 
Discontinuous substantive variations are, however, not 
infrequent, and in such cases it is suggested that they 
may be associated with definite changes in chemical 
composition. Thus, for example, definite alterations 
in the colour of offspring as compared with their 
parents are alimist necemrily of a cliemical nature. 

Tl»e further evidence contaim^ in the book wo are 
considering refers entirely to meristic vwriation. 

9 — 2 
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by a few marked variations, each of whicli occurred 
sitntiltanenusly in all the feathers at once, several 
wrions difficulties are avoided, and on tlu; analogy of 
similar known cases we have every reason to believe 
that this was so. And similar changes may take place 
in cases where the pattern depends on the coloration 
of a group of feathers or hairs. Indeed, if we con- 
sider, we shall find it very difficult to picture such a 
proci'ss as taking place in any other way. Wc can 
scarcely suppose the sjiots of the leopard, for instance, 
to have arisen one at a time. 

An important kind of discontinuous variation is 
that to which Itafeson has applied the term homceosis. 
The same sort of ehange had j)reviously been described 
by Masters in the case of jdants under the name 
* metamorphy,' Imt the latter expression has also 
been employed in other senses. Homoeosis consists 
in the assumption by one member of a meristic series 
of the form or character projHir to another member 
of the same series ; for example, the modification of 
the jHdal of a flower into a stamen, or of the eye of a 
crab into an antenna-like organ. 

‘ In thesif ca8«‘s a limb, a floral segment, or some 
other memlMT, though itself a group of miscellaneous 
lissnes, may suddenly appear in tlie likeness ol some 
tither member of the serial, assuming at one step the 
condition to which the member copied attained pre- 
sumably by a long course of evolution.* * 

The phenomenon of homceosis is frequently to be 
seen among the parts of flowers. Double flowers in 
* ' Maleikts for ttie Study of Variation,' p. 57a 
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f;ict that <Iiff«Tenc(:s of the kind which are constantly 
usi-fl to distinguish natural species can and do arise 
in Nature at a single step, so that it is not necessary 
for stjch differencits !t» be btiilt up gradually by the 
action of natural selection. 


than this, and attacks the 

« » i ji 


ttinercnces can ever leati lo uennucanu permanent, or 
specific, distinctions. Indeed, one of the chief contri- 
butions of this author to the spi!cies controversy is to 
point out that the belief that artificial stilection acts 
in this way upon domestic plants is based u|>on a mis- 
apprehension. I>e Vries himsiilf has carried out a 
nnmtjcr of expetiments in selection, and he conw to 


rate at which llu; |ierasntagc of sugar increased soon 
fell off, until at the present day all that selection can 
effect is to keep up the standard of excellence already 
attained. Moreover, that this process of improvement 

* ComparR, however, johiuisMa's men mseat coadlniiions 

»«? p. iiS). 
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was a very gradual one is to be accounted for in part, 
at least, from the fact that the methods of selection 
themselves gradually improved from year to year. 
There is no reason to doubt that a thoroughly efficient 
method of selection would have worked its full effect 
in a few generations. A similar state of things is said 
to be the case with the cereals, such as wheat and 
barley, which have been selected largely for the size 
of the grains. From his own experiments, de Vries 
has come to the conclusion that, when selection is 
really efficient, the full possible effect of this process 
is exhausted in quite a small number of generations, 
and that then the only further effect of selection is to 
keep up the standard already arrived at. 

We have seen that the theoretical conclusions of the 
biometricians are in agreement with the opinions here 
expressed, so long as selection is understood to be con- 
fined to the choosing out of parents which show a 
definite standard value of the character under con- 
sideration, this value being the same in each genera- 
tion. Under these circumstances. Professor Pearson 
concludes that in the first two or three generations 
a marked advance in the desired direction will take 
place, but that further selection (in this sense) will 
have comparatively little effect. But the Injlievcr 
in continuous evolution maintains in addition that 
selection will be followed to an indefinite extent by 
further variations in the direction of scleclion, since 
otherwise sdection could never lead to important 
changes in organization. In the face of the strong 
contrary evidence, and of the fact that alternative 
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methods of evolution are now known to be available, 
the burden of j^roof of this proposition seems to 
He with those who maintain the all-important influ- 
ence of contintious variation and selection. At present 
we are free to reply in the words of Malthus, who long 
ago protested against tlie extravagant powers which 
were ascribed (o tlu: sadection of small differences. 

‘ I have been told,’ Malthus writes, ‘ that it is a 
maxim among some of the improvers of cattle that 
you may breed to any degree of nicety you please, 
and they found this maxim upon another, which is, 
that some of the off.spring will poss«!SS the desirable 
qualities of the parent.s in a greater degree. In the 
famous Leicestershirci breed of sheep, the object is to 
procure them with small heads and small legs. Pro- 
ceeding upon these breeding maxims, it is evident that 
we might go on until the lusids and legs were evan- 
escent quantities ; Init this is so palpable an absurdity 
that we may be quite sure the prmises are not just, 
and that there really is a limit, though we cannot see 
it or say exactly where it is.’ • 

The only recorded example I am aware of in the 
case of animals, which sliows the result of long-con- 
tinued selection acting upon a quantitative character, 
is afforded by the case of the American trotting-horse. 
In this case it appears highly probable that we are 
dealing with a character which varies in a strictly 
continuous fashion. In his hook upon ‘ Hie Trotting 
and Pacing Horse in America,' Hamilton Busbey 
gives a table from which the diagram on p. 138 
• * Emy on Population, * 6th ed., vol. il., p. ii. 
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is constructed. The entries in this tabic show the 
fastest times recorded for the feat of trotting a m<;asured 
mile in various years beginning with i8t«. Tim ver- 
tical scale contains the times, which vary from three 
minutes down to one minute fifty-six sccoikIs, and the 
horizontal scale shows the year in which the record was 



Fm. n. 

Tbi ig«»i to th© toft of lb© diagfAm ar© m ’Im wsl w niiiiiii©! ani 

made. Some part of the improveinenf shown is clearly 
to be associated with better tracks, improveil meilmds 
of training, etc., but these will scanady alfrct the 
general character of the iinproveiiiimt «lt«e to selec- 
tion. As may readily be seen from the <liagram, the 
improvement is at first rapid, but aftt*rwards Incomes 
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gradually slower and slower. At the end of the series 
two suddcsti steps upward break the general regularity 
of the seri(!.s of recortls. Ibd on examination of the 
evidcma^ it is found that these are associated with 
special condition.s. and are not ri'ally exceptional. The 
first of thest? l>reaks that wiiicli occurs in i8r)2 — is 
coincident with the itifroduction of a new type of sulky, 
having ball bearings and other improvements ; whilst 
the record of ipo.j was accomplished behind a pace- 
maker carrying a wind-shield. Neit her of these records, 
therefore, is strictly compurabh: with the rest of the 
s«;ri<!S. 

The obsc'rvations in this case do not, indeed, seem 
to bt! sufficient to afford the basis for a final decision 
against the theory of tin* indeterminate power of selec- 
tion. Yet Mall 1ms’ criticism ch>arly applies very 
definitely to such a case —I'.r., tlntrt; must bts a limit 
beyond which tlw Sjaied of the trot ling-horse will 
never improve without a fuudamoutal change taking 
place in his organization. It seems, therefore, safe to 
conclude that the curve to which the stsries of recrods 
approaches is of the characti^r of a parabola— one 
which continually becomes more and more nearly 
horizontal as the speed of the horse gradually ap- 
pronclitfs its highest possible limit, 

I)e Vries, then, contends that all new domestic breeds 
have urisitn by the discontinuous methwl as dtTmite 
novelties. Darwin himself was |«trfect!y aware that 
this is usually the cam;, but the conclusion which he 
drew from the fact was a different one, as the following 
pMsage shows : 
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‘He (man) often begins his si*!ecfion by some half- 
monstrous form, or at least by sonu’ iiuKlifjeation pro- 
minent enough to catch the eyi* or to he plainly useful 
to him.’ But he goes on : * Under Nature, tin- slightest 
differences of structun> or cons! if uf ion may wrll turn 
the nicely-balanced scale in the struggle for lib*, and 
so be preserva’d.’ * 

Of the origin of a new type of plant in this definite 
and sudden fashion, the Shirley pt»ppies afford an 
excellent example. Thciw* original etl in a miitalion 
of the common wild fi<Jd-pf»ppy {Papavtr rhmts). In 
1880 the Rev. W. Wilks, Vicar of Sliirley, near Croydon, 


corner of Ins garden a Sfihtary flower, the petals of 
wliich showed a very narrow border t>f white. The 
seeds which thi.s flower produettd wen* sown, and Jiext 
year, out of about two hundml jdants, Ihiire were four 
or five upon which all the flowers showed the same 
modification. From thes<;, by further horticultural 
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negative variation* from the proper type of the new 
variety. In this way the novelty may not appear to be 
very far removed from a high normal variation of the 
original type. Th(‘ behaviour of the progeny of the two 
types, however—typris which might thus in themstdves 
be readily confuse.d—is entirely different, and a ready 
means of distinguishing them is thereby provided. 
Eaclr set of offspring shows regression to its own proper 
modal value ; .so that the offspring of the novelty show 
a further marked diwelopment of the new features, 
whilst tin: offspring of an extreme normal variation 
resemble tin: type of the original form more closely 
than they do their own immediate progenitor. 

If new tyjHt.H arc not produced among domesticated 
productions by the action of artificial selection, and all 
that stdeclion can effect is to pick ont definite novelties 
when tlu!y ocenr, the analogy between natural selec- 
tion and artificial st;l«'ction breaks down, and a large 
and important stjcfion of the evidence in favour of the 
production of natural species by the action of natural 
selection is de.sfroyixl. In the place of this explana- 
tion dc Vries would put the tlieory of mutation, ac- 
cording to which new sjKsues arise by single steps as 
definite novelties, Just in the same way as we find that 
domestic varieties are produced. More than this, de 
Vries believes that he has discovered a set of new 
8|K;cies in the very act of originating from an old 
one in this way, a fliscovery which affords the basis 

• a variant Monging to a clans siteatwt some dis- 
tance from H»n of normal variability of tlw novelty, 

and OR the side of it nearest to the rnmln of the original tyi>o. 
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, and groundwork of the views which he puts for- 
ward. 

The plant which afforded the material for this dis- 
covery is known as CBfiOthsTci LcttnciTcki£t^(t~~i\\^^ is to 
say, this is the name of the old species from which the 
new species were found to be arising. O. l.amarckiana 
is an American plant, but the specimens which de Vries 
found to be in a state of mutation had made their 
escape from a garden, and were running wild over a 
disused potato-field near a town called Hilversum, in 
Holland. On examining these plants, de Vries found 
two distinct new forms, which were quite unlike the 
remainder. Each kind occurred in an isolated patch, 
as if it had arisen from the seed of a single plant. 

No description of either of these forms was to be 
found in botanical literature, nor were there specimens 
of them in any of the great herbaria. But when de 
Vri^ took seeds from some of the plants and sowed 
them in his garden, he found that the new forms came 
true to type— -the plants produced resembled the 
parents from whidi the seeds ware takai, and not the 
normal form of 0. La*ftafchiaiia, 

Here, then, we have a case in whi<^ two new specie* 
had originated from an old one in a state of nature. 
But de Vries went further than this, and took meawre* 
fer observing the actual origin of new forms in the 
cultivated offspring of the semi-wUd (Bmtima. 

For this purpose he transplanted a number of roots 
from the field where they were growing, and idso tocA: 
. ^Ud from a number of other |4ants, and from these he 
f i^vated large numbers of seedlinp for a series el 
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again, could not be recogniwsd until an advanced stage 
of their growth had been reached, whereas only a small 
proportion of the s<.*edlinp raised could be grown after 
they had reached any considerable size, owing to con- 
sMerations of space. 


We cannot now follow de Vries very far into his 
dbborate account of his new species and of the way 
in which they originated ; a few general remarks only 
must suffice. Many of the new forms were recognis- 
aM® as quite young seedlings, notably 0. aUnda, 
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the battle of life than 0. Lamarckiana, and only reached 
the flowering stage by the help of careful cultivation, 
and others, again, were never got to flower at all. 
Some of the latter, however, were readily distinguish- 
able by the strikingly original types of radical leaves 
which they exhibited. 

When they had once made their appearance, the 
majority of the new types came true to seed. Some- 
times new mutations appeared among their offspring, 
but these always appeared in smaller numbers than 
among the offspring of the parent 0. Lamarckiana, and 
some of the commoner mutations were usually omitted, 
so that it appeared as if the process of mutation was 
accompanied by a tendency towards a fresh stability. 
Some of the most marked new forms came quite tnie 
so far as the observations were carried. 

Speaking generally, the nature of the differences 
which distinguished the new forms from the p.arental 
species was just of the same type as that of those which 
distinguish Jordan’s species when found in nature. 
The differences were not, as a rule, of the sort shown 
when new garden varieties arise as sports. An example 
of this latter kind occurred, however, in the casts of the 
new form 0. nandLa, which was a dwarf or permanently 
stunted form, but in other respects closely resembled 
the parent type. Apart from this, the new forms 
appeared to be given off quite at random, without 
showing any definite tendency towards progress in a ' 
particular direction. One of the new species w.'ii 
almost sterile as far as its ovules were concerned, 
though producing good pollen, whilst in another the 
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formation of th« polltm was very dirfective. None of 
the otliers was lacking in ril her of thesi; respects. Each 
new form was distinguished by certain definite features 
which affect»;d almost all its |>arts. not by one new 
charactt;r only ; and these feat ures wen; never separable, 
but always appeared in common on tin; same plant. 

The new specie.s. of coursi;, showed normal fluctuat- 
ing variability, and. as an extreme result of this varia- 
bility, forms oecasitmally appisired midway between 
one of the new species and the parental lyiie. In such 
cases, wlnm the seif-fertilized seed of the plant showing 
such an inlennedi.ite character was sown, the offspring 
were foiuul t«> group themstdvam round the normal 
form of the nttw s|>e«;ies or round that of flu; parent 
Latmrckiana, thus atforfling evidence as to the true 
nature of their parent. 

Whether or not w<; are prepared to accept tlie whole 
of dc Vries’ conclusions from his experiments, we can 
see at least that from one point of view they are of the 
very greatest imjiort.ince. For before dc Vries pub- 
lished this work it had been suppostsd to be quite im- 
possible to make direct oI>8»;r vat ions iqron the manner 
of origin of new species in N.iture. I)e Vries has now 
shown that such obsijrvations can be made, and this 
is in itself a most valuable piece of information. He 
has introtiuced an entirely new method into the domain 
of sjacies research, and one by the use of which it is 
to be hoped that before long a ilefmite answer will be 
'obtained to the question whether species in general 
arise by definite stups, or with an imperceptible degree 
of slowness. 
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When results of the novelty and importance of those 
which have been published by de Vries are brought 
to our notice, we are naturally disposed to reserve our 
acceptance of the conclusions which they seem to indi- 
cate until observations have been made in confirma- 
tion of them by some competent observer. This has 
now been done by Professor MacDougal at the New 
York Botanic Garden. MacDougal has carried out 
observations similar to those above described upon 
the offspring of seeds sent by de Vries from Holland, 
and with closely similar results. Thus he has observed 
all the new forms which de Vries described, as well as 
some additional ones ; and he has obtained an even 
higher percentage of ‘ mutants ’ than de Vries him- 
self — ^namely, about 3 per cent, of the total number 
of seedlings grown. This last result is probably only 
due to the application of more thorough methods of 
investigation, and to a smaller mortality of the weakest 
plants, arrived at by greater care, and rendered |x»- 
sible by the warmer summer climate and by American 
efficiency in method. De Vries himself, in one of his 
later generations, when particular care was applied to 
the methods of cultivation, obtained nearly 3 per cent, 
of new forms. MacDougal also states that he hsui 
observed undoubted cases of mutation taking plac^ 
in other species besides (Enoihera Latmrckiam. 

It appears, then, that there can be no doubt about 
the genuineness of the phenomenon described by de 
Vries. But it is, of coiurse, quite a different thing to 
assert that all natural species arise in this fashion, auSd^ 
this is what de Vri^’ theory, as distinguiAed from 
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his facts, amounts to. Dc Vries made observations 
upon a large proportion of the plants of his district 
by the metliod of growing great numbers of their 
seedlings, but he failed to find the same phenomenon 
going on in any of them. He therefore supposes that 
species are subject to comparatively short periods of 
mutability which recur at relatively long intervals, 
and that all the species he examined except the 
CBnothera were in this intermediate stable period of 
their existence. Direct pnxif of this suggestion is 
naturally out of tlie question. 

It will be Well to summarize briefly the conclusions 
at which dc Vries has arrived, as the result of his 
observations upon (Knothera. 

The following are the points to which ho attaches 
chief importance : 

1. The new species arise suddenly at a single step, 
without transitional forms. 

2. They are usually fully constant from the first 
moment of their origin. 

3. The distinctive characters of the new forms agree 
in kind with those which distinguish from one another 
such old and established species allied to (Enothera 
Laniarckiam as 0 . biennis and O. rmricata. Only one 
of the new forms—namely, 0 . naneUa, a dwarf type — 
is analogous with any ordinary kind of variety of 
garden origin. 

^ 4. A considerable number of individuals of the same 
syt usually make their appearance at the same period. 
, 5. Although the new types vary in a normal fashion, 
and fr^uently tran^ress the limits dividing them 
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from the parental type, yet their first appearance has 
nothing to do with normal or continuous variability. 

6. The mutations take place indefinitely, showing 
no special tendency in any particular direction. 

7. The tendency to mutate recurs [leriodically. But, 
as was previously stated, there is no direct evidence 
of this last supposition. 

In addition to what has already been said with 
reference to the method of origin of garden varictie.s in 
general, de Vries has described a number of special 
phenomena regarding the behaviour of garden varieties 
of plants, some of which arc of considerable interest. 
Taken together, the facts substantiate to a great extent 
the view that selection does not of itself lead to the 
production of specific characters. But de Vries also 
introduces certain new conceptions which require to 
be briefly described on account of their great general 
interest to practical breeders and gardeners. They 
consist in the idea of races existing intermediate be- 
tween a species and a complete variety or sub-type of 
it. Such hetween-races are of two kinds, of which it is 
unusual to find both in the case of the same sinicies ; ’ 
moreover, either of them may occur oven wlion the 
complete variety is quite unknown. In the casts of a 
half-race a small percentage only of seedlings is found 
to produce plants which show the racial character, the 
remainder being of the original specific type; and even 
if the racial type is selected for several generations, ! he 
percentage of plants of this type which is productid* 
does not notably increase. A mid-race, on tlie other 
hand, can readily be improved by selection, and when 
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best dcvelojxxl as a nilc either shows the racial char- 
acter in about half of the seedlings produced, or else 
exhibits in the great majority of its members a com- 
bination of the character of the species witli that of 
the race. As an example, we may take the case of 
variegated plants, in which the leaves show streaks 
or patches of a yellow colour owing to the want of 
development of the proper green tint. An ordinary 
variegated plant, then, is looked upon as showing a 
combination of the green type with the yellow char- 
acter of a completely modifuHl race- the aurea variety, 
although the latter e.xists as such only in a few rare 
cases, in which the plants bear leaves showing no 
green pigment at all. On the other hand, many 
species of plants produce a small proportion of varie- 
gated individttals at each sowing, as is often the case, 
for example, with Indian corn ; and this circumstance, 
according to de Vries, indicates the existence of the 
corresponding half-race. 

The relative development of the two coexisting 
characters in such cases is liighly vari.able, as anyone 
may obst;rve for himself in variegated grasses and 
similar plants. 

It might be supposed that it would be possible to 
pass from the species to the half-race, thence to the 
mid-race, and so on to the complete race simply by 
selection. De Vries shows that this is very rarely, if 
ever, the castt. He regards the passage from a half- 
race to a mid-race, for example, as a mutation, and his 
observations wtem to show that this transition is not 
more freepumt than any other mutations. 
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As a further illustration of what is mrant by a 
between-race, mention may be made of the five-leaved 
race of purple clover {Trifolium pr&tense) obtained by 
de Vries, and developed by a process of siileclion. It 
would appear that the plants occasionally found grow- 
ing wild, which bear a single four-lobed leaf, txsually 
bdong only to a half-race. De Vries was fortunate 
enough to find two plants upon each of which several 
of the leaves showed this anomaly, and from tliese, by 
an elaborate process of selection extending over several 
years, a race was obtained, the leaves of wliich in the 
majority of cases showed five lobes, whilst some had 
six or seven. Since, however, it appeared impossible 

* to get rid of a certain proportion of three-Iobcd leavest 
and equally so, on the other hand, to obtain leaves 
with more than seven lobes, de Vries concluded that 
his experiment exemplified the development of a mid- 
race, and not that of a constant race or true variety. 

^ The phenomena described by de Vries under the 

* head of ‘ Between Races ' ate difficult to understand 
until the reader has arrived at some appreciation of 
the very wide differences which even slight changes in 
external conditions may malee in the growth and 

» habit of plants. We may briefly describe one veiy 
strikiag example. 

The little water ranunculus, vsdiich often covert arwM 
of stagnant water in the spring with a sheet of white 
bk«som, possesses two kin# of leaves, the appeanm^ 
of which entirely depends upon the stimulus of external 
f ^ rircunwtances. In the young state tibe whole fiant# 
'r ^ „su|«neiged baaeatij the surface of the water, and beate 
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hand, is apparent in the great majoiity of the indi- 
viduals of a race. If, now, a change from latency to 
activity occurs suddenly, this is a form of mutation. 
The reverse case, too, may occur — a character pre- 
viously active may become latent ; the character then 
appears to be lost, and the mutation is said to be 
retrogressive. De Vries regards the great variety of 
allied species which is to be found in many groups as 
being to a large extent the result of retrogressive muta- 
tion. This type of mutation is also frequent among 
cultivated plants. Thus, the appearance of a white 
variety of a species previously only known to produce 
coloured flowers may constitute a good (sxample of a 
retrogressive change. Mutations may also be atavistic, 
consisting in what is known as a “ throw-back ” to a 
previous ancestor. In the most usual form of this 
phenomenon an ancestral character which had pre- 
viously become latent shows itself once more in the 
active condition. Finally, new and distinct types may 
arise by the intercrossing of separate species, but this 
is not regarded by de Vries as being an important 
source of permanent new forms. 

Without following de Vries into all the niceties of 
his theory as to the particular kinds and methods of 
mutations, we must admit that his experiments go 
far to establish the doctrine, in support of which a 
considerable amount of evidence had previously been 
accumulated, especially by Bateson, that the origin of 
species in Nature is generally a definite proctas, and 
takes place by steps of considerable amplitude. What, 
then, is the meaning of individual differences, of that 
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continuous variability which is often so considerable, 
and of the inheritance of this kind of differences which 
the biometricians have been at so much pains to prove ? 
De Vries points out that for no two plants are the con- 
ditions of life exactly the same ; a considerable degree 
of diversity atnong the plants thcmstdves is therefore 
advantageous, even when thest; belong to the same 
specific type. Upon continuous variability depend 
local races, forms adapted to wetter and drier situa- 
tions, liighland aiid lowland races, and the like, but 
none of these are pesrmanent. As regards the cause 
of this variability, apart from the effect of sexual 
reproduction, which combines the tendency to vary 
of two stiparate parents, de Vries believes that indi- 
vidual variability depiuuls entirely upon nutrition ; 
but under tliis lu:ad he. includes practically the whole 
environrm;nt of plants— light, space, soil, moisture, 
and the like. Characters acquired in a similar way by 
previous generations are inherited, and the effect of 
conditions upon the developing seed whilst still borne 
upon the parent plant may be considerable. Thus 
easily docs de Vries di8i)ose of the puzzling question 
of the inheritance or non-inheritance of acquired 
diaracters. Acquired characters are inherited ; they 
are not of any importance in the origin of species. 

With regard to the causes of mutations, little is 
known. Still, it is no longer incumbent upon us, as it 
was a few years ago, to admit that we know nothing at 
{dl about the mean.s by which this fonn of variation 
can be produced. W. L, Tower, in his ' Evolution in 
Chrysomttlid Beetles,' has shown that variations due 
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to the influence of the environment upon ttio larval 
stages of the beetle are not inherited ; but if the female 
is subjected to abnormal conditions for a f<*w days at 
the time when the eggs are maturing, tlie eggs and 
larvae being afterwards allowed to develop in the 
normal environment, a greatly increased number of 
mutations is obtained, the majority of which are the 
same as thos<; found much more rarely in Nature. 

MacDougtd, too, has met with some success in the 
attempt to produce mutations artificially in plants. 
In one or two cases, after injecting weak solutions of 
different chemical substances into the young ovaries 
of Raimannia and QSnotliera, seedlings wtu'e obtained 
which differtid from anything previotisly seen. Up to 
the present time these successes seem to bo too few in 
number to allow of any definite conclusions being btisod 
upon them. 

Blaringhem has also recently published olxservations 
which seem to show tliat in the maize-plant injuries to 
the parent occurring previously to the differentiation 
of the germ cells may lead to permanent modifications 
in the offspring. In neither of these three asts of 
experiments did the modification produced in tluf off- 
spring show any trace of an adaptive relation to tlie 
exciting cause which operated upon the parent. 

So much may be stated in order to indicate the 
direction in which research is proceeding. In the 
course of another decade we may reasonably horie to 
find out something more about the natural and artificial 
production of mutations. 
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According to the view upheld by Wallar»s Weismann, 
and others, the actii.il f)rigin of specific distinctions 
takes place by natural si'lection acting upon individual 
differenc«!8 ; and in this case it is to be observed that 
it is the struggle lietween individuals of the same species 
whicli is of primary importance. On the mutation 
theory it is only the competition between allied species 
which interests us from the point of vie.w of evolution. 
Natural swilection is thus regarded as having no influ- 
ence in the formation of species themselves. On the 
other hand, the gaps existing between genera and still 
larger groups, such as families and classes, are still sup- 
posed to be due to the destructive action of natural 
selection de(<!rmining the survival of the fittest species, 
so that this principle is by no means ousted from its 
prominent position in the philosophy of evolution even 
when the latter is expounded by the mutationist. 

One further point- On the theory of mutation the 
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THE ©toil MYSKmiSfS 

TiiEiE is one side of the practical study of heredity 
which dates back to the middle of the sevent^nth 
ceijt®y— ‘namely, that branch of the subject which is 
coi^nwl with the hybridizing or ertifldal crcMW- 
breedittf of different sj^ies and varieties of plants. 
^it«^ recently the great importamw which attaches 
to tJ^ls method of study h«i bwn roalted once more, 
smA-the interest thus awakened has led to a closer 
e^aminatto of the accounts of eitperimcnts under- 
taken a century or more ago, with the result of riiowing 
that mudr of the work then carried out in this direc- 
had attained to quite art asfonWiing dt^ree of 
In the brief sketch of tire history of 
work here following, account will be takrtii 
exclusively of experriments of which tht; iu- 
is not historical only, but which possi;ss an 
sdentiftc value. Amongst other maituis of 
it will be found that more than one «)hs(trvi:r 
near to anticipating Mendcl*s 
, and thus arriving at the cto 
almost all the complex f^Uetns 
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F^^owing the modern usage, we shall apply the 
tern*' ‘ hybrid ’ to all individuals arising from a cross 
between parents which belong to distinct groups, no 
matter whether these groups arc separated as distinct 
genera or species, or whether they are regarded as 
representing only different races or varieties. This 
wide interpretation of the term hybrid has only re- 
cently been reintroduced. The use to which it has 
returned is, indeed, the original one ; but many inter- 
mediate writers, including Darwan, confined the em- 
ployment of this expression to cases of crossing between 
species, and applied the word ‘ mongrel ’ to tlie off- 
spring of crosses between races or varieties of the same 
species. Darwin, how'ever, did not regard species as 
differing in kind from varieties, and he even particu- 
larly emphasized the smallne-ss of the distinction which 
can be drawn between the behaviour and properties 
of hybrids and mongrels resiMJCtively. Indeed, he 
came to the highly important conclusion that the laws 
of resemblance between parents and their children are 
the same, whatever may be the amount of difference 
between the parents in question— whether, that is to 
say, they are distinguished only by individual differ- 
ences, or whether they belong to separate varieties or 
even species. We have already seen that the more 
recent facts of biometry point strongly towards the 
conclusion that individual and race differences are 
inherited at approximately the same rate. It seems, 
however, to be at present somewhat doubtful whether 
aU sorts of specific differences follow the same law of 
propagation on cross-breeding. 
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Between 1760 and 1766 Joseph Gottleib Kdipiuter'’ 
carried out the first seritjs of systematic experiittents. 
in plant hybridisation which had ever been under- 
taken. These experiments not only established with 
certainty for the first time the fact that the seeds of 
plants are produced by a sexual process comparable 
with that known to occur in animals, but also led to a 
knowledge of the general behaviour of hybrid plants, 
which was scarcely bettered until Mendel made his 
observations a century afterwards. 

Kolreuter found that the hybrid offspring of two 
different plants generally took as closely after the 
plant which yielded the pollen as after that upon 
which the actual hybrid seed was born. Indeed, he 
found that it made little or no difference to the ap- 
pearance of the hybrid which of the parental species 
was the pollen-parent (male), and which the seed- • 
parent (female)— that is to say, in the case of plants 
the result of reciprocal crosses is usually identical. 
Thus, for the first time it was definitely shown that 
the poUen-grain plays |u8t as important a part in 
(ietermining the characters of the offspring as does the 
ovule which the pollen-grain fertilizes. This was a 
wholly novel idea in Kdlreuter’s time, and the fact was 
scarcely credited by his contemporaries. 

Kdlreuter had no means of discovering that the * 
contents of a single pollen-grain unite with the con- ’ 
tpits of a single ovule in fertilization. But he ascer- 
tained by experiments that more than thirty ^eds / 
might be made to ripen by the application of between • 
fifty and sixty pdlen-grains to the stigma of a par- 
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ticular flower, so that, if he had had any hint of the 
actual microscopic processes of fertilization, he would 
have been quite prepared for the more fundamental 
discovery. 

Kolreuter, indeed, believed that the act of fertiliza- 
tion consisted in the intimate mingling together of two 
fluids, the one contained in the pollen-grain, and the 
other secreted by the st igma of t he plant . The mingled 
fluids, he supposed, next passed down the style into 
the ovary of the plant, and arriving at the unripe 
ovules, initiated in them those processes which led to 
the formation of seeds. In this belief Kolreuter simply 
followed the animal physiologists of his time, who 
looked upon the process of fertilization in animals as 
taking place by a similar mingling together of two 
fluids. Now that we know that fertilization consists 
essentially in the intimate union of the nuclei of two 
cells, one of which, in the case of plants, is the ovum 
contained within the ovule, whilst the other is repre- 
sented by one of a few cells into which the contents 
of the poUen-grain divide, we can understand more 
clearly the bearing of KSkeuter’s observation, iimd 
it is greatly to this eminent naturalist’s credit that he 
succeeded in carrying out his observations with so 
much accuracy, when the full meaning of those 
observations v/sa of necesMty hidden from his com- 
prehension. 

Kdlreuter was the first to oteerve accurately the 
diffra^ent wys in which pollen can be naturally con- 
veyed to the stigma of a flower. This may take place 
either the pollen-grains falling dkectly upcm the 
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stigma, or by the. agency of the wind, or, lastly, the 
pollen may be carried by insects visiting the flowers. 
And he recognised many features characteristic of 
flowers apt to be fertilized in one or other of these 
ways in particular. Thus he was aware, for example, 
of the nature and use of the nectar which so many 
flowers produce—namdy, that it is the substance from 
which the bees — by far the most diligent visitors of 
flowers— obtain their honey. 

Curiously enoiigli, Kdireuter was not aware of the 
existence of any natural wild hybrid plants. But he 
was quite right in contending that supposed examples 
of such hybrids rerjuired for their substantiation the 
experimental proof, which could only be afforded by 
making actual artificial crosses between the putative 
parent species. 

The first hybrid made artificially by Kolreuter was 
obtained in 1760 by applying the pollen of Nicotiana 
panietdata to the stigma of Nicotiana rustica. The 
hybrid offspring of this cross showed a character mter- 
mediate between those of the two parent species in 
almost every mtasurabl© or recognisable feature, with 
a single notable exception. This exception was 
afforded by the condition of the stamens and of the 
pbllen grains produced by the hybrids. These organs 
were so badly developed that in all the earlier experi- 
ments self-fertilization of the hybrid plants jdelded no 
good seed at all, nor were the pollen grains of the 
hybrid any more effective when applied to the stigmas 
of either of the parent species. On the other hand, 
when poUen from either parent was applied to the 



164 


THE OLDER HYBRIDISTS 


stigmas of the hybrid plants, a certain number of s<‘eds 
capable of germination was obtained, although this 
number was much smaller than in the case; of normal 
fertilization of either parent species. This partial 
sterility, affecting in particular the stamens and the 
pollen which they produce, is a feature; common to the 
majority of hybrids between different natural species. 
Many such hybrids, indeed, are altogether sterile, so 
that a further generation cannot in any way lx; ob- 
tained from them. On the other hand, the members 
of different strains or varieties whicli have ari.s<;n under 
cultivation yield, as a rule, when crossed together off- 
spring which are perfectly fertile. 

In subsequent years Kolreutcr was able to obtain a 
very few self-fertilized offspring from hybrids of the 
same origin as the above. The resulting plants were 
described as resembling their hybrid parent so closely 
as to be practically indistinguishabh; from it. 

The offspring obtained by crossing the hybrid plants 
with pollen from either parent showed in each case a 
form more or less intermediate between that of the 
original hybrid and that of the parent species from 
which the pollen was derived. But the plants were 
not all alike in this respect, some of them being much 
more like the parent species tlian others, and some, 
again, varying in other directions. There were also 
considerable differences between the different indi- 
viduals in respect of fertility, so that some of the 
plants were more and some le^ sterile than the original 
hybrids. Also, there was some tendency to the produc- 
tion of malformations of the flowers and other parts. 
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One of the most noted of Kolreuter’s experiments 
was that which consisted in repeatedly rccrossing a 
hybrid plant with one of the parent species from which 
the hybrid was derived. By continuing to pollinate 
the members of one generation after another with the 
pollen of the same parent spticies, plants were at last 
arrived at which were indistinguishable from the parent 
in question. We shall return to this fact later on, 
when the readtir will be in a position to appreciate its 
importance more fully. 

Kolreuter found that the result of reciprocal crosses 
is usually identical —that is to say, the offspring ob- 
tained by fertilizing a plant A with pollen from a 
plant B arc not to bo <Ustinguishcd from those ob- 
tained when B is fertilized with the pollen of A. But 
the two opposite processes of fertilization are not 
always equally easy to carry out. An extreme instance 
of this circumstance was met with in the case of the 
genus Mirabilh. Mirabilis jalapa was easily fertilized 




botanists r^rded as good specios, to bo perfectly 
fertile together, he immediately regarded them as 
being only varieties of a single species. 

One curious point is worth quoting in this connec- 
tion. Five varieties of Nicoiiana tahacum were found 
to be perfectly fertile with one another, hut when 
crossed with Nicotiana ghUinosa one of them was 
found to be distinctly less sterile than llic rest. 

Another interesting point observed by Kolreuter 
was the fact that hybrid plants often exceed their 
parents in luxuriance of growth. Upon this fact, as 
we shall see later on, Knight and afterwards Darwin 
based theoretical conclusions of consi<Icrahlc impor- 
tance in connection with the problem of st^x. 


Thomas Andrew Knight, who was also a botanist of 
high reputation in other fields, was the earliest observer 
to lay stress upon the practical aspect of the study of 
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that Mendel’s law was afterwards discovered. This 
very discovery might even have l)een made by Knight 
himself, if he had only realized the importance of ascer- 
taining on a large scale the nnmisrical proportions in 
which the different kinds of plants, arising in the 
second generation from the crosses, made thtiir appear- 
ance. Unfortunately, this part icnlar form of inquiry 
never seems to have occurred to him. 

Knight’s experiments were made with a different 
object in view— -namely, that of discovering whether 
a cross with a distinct race would provide the stimulus 
necessary to restore its lost vigour to a strain of plants 
which was supposed to have become debilitated, owing 
to its members having been bred exclusively by self- 
pollination for a long sttruss of genentlions. 

The result of the experiments undoubtedly estab- 
lished the fact that in some cases the hybrid offspring 
of two distinct races shows a more vigorous habit of 
growth than mther of the parental types. The follow- 
ing eactract from Knight’s own account will indicate 
the nature of the exjjeriments upon which his con- 
cluKons rest ; 
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of crossing the breeds, for the smallest variety, whose 
height rarely exceeded two feet, was increased to six 
feet, whilst the height of (he large and luxuriant kind 
was very little diminished.’ 

We shall see, however, that the plumomenon last 
alluded to admits of a different interpretation. 

It was upon the somewhat slender basis afforded 
by this experiment that the generalization known as 
the Knight-Darwin law was originally tistablished. 
Knight’s own expression of this idea was to the effect 
that ‘ Nature intended that a sexual intercourse should 
take place between neighbouring plants of the same 
species.’ And the same conclusion was expressed still 
more forcibly by Darwin in the aphorism : ‘ Nature 
abhors perpetual self-fertilization.* But although it 
may be true that in a considerabie number of cases 
advantages are gained from the process of cross- 
fertilization between different members of the same 
species, which do not accrue when self-fertilization 
takes place, yet several cases are now known in which 
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Knight failed to notice. He observed, however, that 
white crossed by a purple strain invariably gave purple, 
whilst the cross-bred purples, when crossed again with 
white, yielded some white and some purple plants. 

In 1822 John Goss recorded the fact that a ‘blue ’ 
pea crossed with a ‘ white ’ yielded from the crossed 
flowers pods with white seeds only, the seeds contained 
in other pods upon the same plant being, of course, 
blue. The plants produced from the white seeds bore 
some pods with all blue, some with all white, and many 
pods with both white seeds and blue ones ; and a 
coloured plate is given which shows one of the latter 
pods together with its contents. The blue seeds, when 
sown separately, yielded plants which produced blue 
seeds only, but plants arising from the white seeds 
yielded a mixture of blue and white seeds. 

Knight pointed out quite correctly that the colours 
of the seeds which are here referred to are occasioned 
by the colour of the cotyledons or seed-leaves of the 
pea, which are visible through the semitransparent 
seed-coat. Green cotyledons give rise in this way to 
a bluish appearance, whilst, when the cotyledons are 
yellow, the resulting appearance of the seed is described 
as whitish. 

The Hon. and Rev. W. Herbert was another observer 
who made many important experiments in hybridiza- 
tion towards the beginning of the nineteenth caitury. 
These led him to the conclusion that Kdlreuter and 
Knight were wrong in their assertion that hybrids 
between distinct species wer^ always sterile. Herbert 
considered that only generic or famfly types were 




THE OLDER HYBRIDISTS 


170 

constantly sterile, and this led him to the furt 
conclusion, now believed to be erronwus, that 
separate genera or families were those which w 
originally created, whilst he believed that th«i separ 
species of the same genus arose from a single origi 
type by a genuine process of evolution. 

The most prolific in work of aU the hybridists, h( 
ever, was undoubtedly Carl Friedrich v. Gaert 
(1772 - 1850). Gaertner made a great number 
crosses between species belonging to all sections 
the natural system, and his book, published in 18 
contains a great mass of vahiablc information. Gat 
ner’s theoretical conclusions, for the most part, o 
amplify and confirm those of Kdlreuter, upon wh 
in this direction he made but little advance. 

C. Naudin’s essay, entitled ‘ New Researches 
Hybridity in Plants,’ made its appcarancti in 18 
The author pointed out that the facts of the reti 
of hybrids to the specific forms of their parents, wl 
repeatedly crossed with the latter, are naturally' 
plained by the hypothesis of the dkjunction of 1 
two specific essences in the pollen grains and ovu 
of the hybrid. The idea may, perhaps, be made sor 
what clearer as follows : Let us consider the case 0 
species A crossed with another species B. Nam 
supposes that some of the pollen grains and ovtih ri 
the hybrid plant wiU be potentially* of the ex 

* Wlien it is said that a pollen grain or ovule potentii 
resembles the spedes A, it is meant ttiat tite gertn-ceil 
question is of such a kind that, when united with one deri 
feom an ovule or pollen grain of similar constitution, It wo 
l^ve rise to a plant axactiy resembling A. 
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character of one species (A), whilst others will bear 
no potential resemblance to A, but will be precisely 
similar in nature to the ovules and pollen grains of 
the pure spexies B. In cases where this separation of 
the materials representing the two types in a potential 
condition is complete, forms exactly resembling the 
parents might be obtained. As we shall see, this 
hypothesis makes a remarkably near approach to that 
of Mendel ; and the importance of the fact that the 
first hybrid generation is generally uniform, as con- 
trasted with the diversity of types often appearing 
in the second generation, is clearly recognised by 
Naudin. This observer considered the hybrid in the 
adult state to consist of an aggregate of particles, 
homogcneotis and characteristic of a single species 
when taken s<‘parately, but mingled in various pro- 
portions in the organs of the hybrid, which is thus 
looked upon as a kind of living mosaic. 

The only other discovery of first-class importance,* 
in addition to that of Mendel, made during the nine- 
teenth century in the domain of hybridization, was 
that published by Millardet in 1894, 

Millardet’s principal experiments were made upon 
strawberries, of which plants he crossed together a 
number of different species and varieties. Contrary 
to what had been observed in the majority of such 
crosses between other species of plants, in which the 
offspring was usually more or less intermediate be- 
tween the two parents, from which it arose, Millardet 

• Ihat I* to say, if it is really genuine. The phenomena 
do not appear to have been seen by anyone dse. 
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found in a considerable number of cases that the off- 
spring resembled one parent only, from which it was 
indeed indistinguishable, whilst no trace of likeness 
to the second parent could be detected in it. In some 
cases the resemblance was to the paternal spt;cies 
(pollen-parent), and in others to the; maternal species 
(seed-parent). In several instances the hybrid off- 
spring, on being self-fertilized, bred trtie to the ty{>e 
which they already exhibited, so that the second 
generation, like the first, seemed to derive its whole 
constitution from one parent, to the total exclusion 
of the other. 

The precise meaning of this remarkable plienomenon 
is not clearly understood. There is some doubt as to 
whether Millardet’s experiments were really sufficient 
to establish it as a scientific fact. Moreover, Millar- 
det’s observations have never l)een confirmed by later 
workers. In the absence of directly contradictory 
evidence it seemed necessary to draw attention to the 
facts as they have been described. 

Great numbers of observations upon the character- 
istics and behaviour of hybrid plants and animals have 
been from time to time recorded, and the preceding 
pages contain only a brief selection of such facts as 
are most necessary for a proper understanding of 
modem work in hybridization. Until (piste recently 
the laws of transmission of characters in hybrids were 
still completely hidden. Tlie facts wt-re wonderful 
enough, but they showed no signs of falling into an 
orderly arrangem^t. In the next chapter it will be 
our business to describe the remarkable discovery 
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which has introduced order into this previously chaotic 
region, and which has enabled a few workers to estab- 
lish in half a dozen years the foundations of a great 
science, the importance of which is not at all generally 
realized. 
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portant it is, when engaged upon questions of heredity, 
not to treat whole animals or plants as units, but to 
deal with their separate characters one at a time. In 
the course of the present chapter the reason for pro- 
ceeding in this way will appear more clearly, and we 
^11 find that the adoption of this method is fully 
justified by the results which it enah!i.« lift fn. 


and in many csum the distinction of characters 
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176 


MENDELISM 


* Vom Vater hab* ich die Statur, 

Des Lebens ernstes Fiihren, 

Vom Mutterchen die Frohiiatur 
Und Lust zu fabulieren/ 

■■ # 

In such a case we must always look upon the corrti 
spending character of the second parent as existiii|* 
in the offspring side by side with the character witfch 
finds expression, only the former is overpowered -by 
the latter, and forced to remain invisible. Tlut the 
hidden character is nevertheless actually present is* 
shown by the fact that a feature characteristic of a 
particular grandparent, which did not appear in the 
parent, may reappear in the child. For instance, a 
characteristic masculine feature of the maternal grand- 
father may thus make its appearance in the son. 

It is found that any individual may Iwj looked upon 
as being to a large extent an aggregation of separate 
characteristics. In a pair of allied races a great 
number of the separate characters are the same in 
the two cases, the distinction between the two forifts 
depending upon a few definite features only. The^ 
majority of salient characteristics are identical in such 
a pair, but some of the corresponding characters aril 
opposed. Thus in different races of mankind 
plexions may be dark or fair, eyes blue or browt|,' 
hair straight or curly, and the like. Now the off- 
spring of parents which had smooth and curly ha^* 
respectively might exhibit smooth or curly or int<^ 
mediate (wavy) hair, according as one or the other 
character, or both in combination, made its present# 

‘ obvious ; for in the simplest cases both will necessarfly 
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be present, though one may be hidden. What will 
happen in the grandchildren ? 

The manner in which characters comparable with 
t^lie above are actually transmitted has been worked 
fi«it in the case of many races of animals and plants, 
attd in cases where experimental matings can be 
.reidily carried out, and a large number of offspring 
f, f^red, it is found that a simple rule applies which 
holds good in every example thoroughly examined 
hitherto. This law was discovered by Mendel about 
the year 1865, and has since been called by his name. 
Before enunciating it we .shall consider the informa- 
tion afforded by the case of a single pair of simple 
characters. Afterwards we shall endeavour to show 
the application of the law to the more complex cases 
in which combinations of characters are concerned. 

A grain of Indian corn or maize contains a germ or 
cwl&ryo, which under suitable conditions will give rise 
tpthe future plant. The embryo is surrounded by a 
^certain amount of reserve food material constituting 
the endosperm — a store which is made use of by the 
ytkuig plant during its germination. The embryo 
« arises as the result of a process of fertilization which 
place in the following manner : The ovum, or 
fejittale cell hidden in a flower, contains a nucleus, and 
on fusion with one of the nuclei derived from a 
gflSin of pollen initiates the vital processes whidi lead 
to the development of an embryo plant. 

* * Nuclei are the central and, from the point of view of 

her^ity, the most important parts of cells— the con- 

12 
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stituent units of the plant body. Tlie cells which, 
together with their nuclei, take part in the process of 
fertilization are known as gametes, or gcrm-cells — male 
and female respectively, the latter being the ovum. 

It is less generally known that the endosi>erm of a 
grain of Indian corn arises by a very similar process 
to the one which gives rise to the embryo itself. A 
second nucleus derived from the same pollen grain 
fuses with a nucleus situated near the ovum, and to 
the product of this fusion the endosperm owes its 
origin. It is further found, so far at least as those 
characters are concerned to which we shall at present 
confine our attention, that these two important nuclei 
hidden in the same female flower are ©.xactly alike in 
hereditary constitution, and so are the two generative 
nuclei derived from a single pollen grain. In co^- 
quence of this fact, the observed character of the endo- 
sperm may be regarded as a true guide to the nature 
of the plant into which the associated embryo will 
afterwards develop. The hereditary qualities of the 
two are exactly the same. 

It is not difficult to find a variety of Indian com in 
which the endosperm is yellow, and another in which 
the colour of this tissue is white, owing to the absenws 
of any visible yellow pigment. If a female flower of a 
white variety is fertilized with pollen taken from a 
yellow variety, the resulting grain shows its hybrid 
nature by the presence of the yellow colour in its endo- 
sperm. This is found to be a regular rule. Grains 
upon a plant of a white strain which has been poUiniteff 
with ‘ white poUen ’ are white, but if pollinatwi from 
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a yellow strain the grains are yellow. On the other 
hand, the grains upon a plant belonging to a yellow 
strain retain their yellow colour even if the flowers 
which produce them have been pollinated from a white 
variety. 

These facts are expressed in technical language by 
saying that yellowness is dominant over whiteness, and 
the latter is said to be recessive. 

Let us now suppose that wc have sown a number 
of the yellow grains derived from the cross yellow x 
white* or white x yellow, and that we have exposed 
the female flowers of the resulting plants at the proper 
stage of their existence to the influence of pollen 
derived from a pure white strain, taking care that 
none of their own hybrid pollen falls upon them at 
the same time. Tlus result of this experiment takes 
us at once to the very heart of the Mendelian theory. 
Half the total number of grains obtained in this way 
— from the cross (white x yellow) x white — are white, 
and half are yellow. 

Thus in an experiment carried out in the manner 
described there were obtained upon ninety-five plants : 

Yellow grains 26,79*, or 50'03 per cent. 

White grains *6,751, „ 49-97 „ 

Put we must go further than this. On sowing the 
white grains obtained in this second generation (Fj), 
and allowing the plants obtained from them mutually 
to pollinate one another, cobs were obtained bearing 
^xdusdvdy white grains without any trace of ydflow- 
ntiss. 

* X hi to be remi ‘ fertilked with i»llen from.' 

12—2 
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Half the grains, then, of the parentage {white 
yellow) X white are pure white in colour, and not to 
distinguished from grains of the parentage it’Ai'te x wi 
even after an extensive examination of their offspri 
which is the most rigorous test we arc able to applj 

The yellow grains bom upon the same hybrid pla 
(Fjj)* had clearly each of them one white paren 
namely, the plant from which the white pollen 
derived. On sowing these yellow grains and o 
more pollinating by pure white, a precisely sim 
result was observed to that obtained in the pr«'Cc‘d 
generation — that is to say, those plants, derived fr 
yellow grains, produced once more 50 per cent, 
white grains and 50 per cent, of yellow. We i 
therefore, led to suppose that the yellow grains h 
upon the hybrid plants are of precisely the same nat 
as the original yellow hybrid grains {white x yellc 
since their behaviour when pollinated from the sa 
white strain is identical. We may express the u-s 
so far obtained in the form of the following diagra 

P* white X yellow 

Fi yellow x white 


F| white X yellow (50 %) (50 %) white x white 


F, white (50 %) yellow (50 %) white (excluiiv 

* The following shorthand expressions arc adopted to t!ei 
the difierent generations in cross-breeding exixiriments i 
the generation of the original parents ; F, is the first gen 
tion of offs^ng — ^the crora-bred seeds and the pianti 
which they give rise. To the F, generation belong the m 
jaxxluced upon the Fj phuata, Mid the planbi to which i 
give rise, and so oil 
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The pollen of the Fj plants (i.e., those plants which 
were derived from the yellow cross-bred grains) — ^when 
applied to the female flowers of the same pure white 
strain of maize, caused in like manner the appearance 
of white and yellow grains in equal numbers. This 
result is equally well expressed by the above diagram 
on simply regarding the yellow in Fj as the male parent 
(pollen-parent) instead of as the female parent (seed- 
parent) of Fj. 

What is, then, tlie meaning of these results ? The 
case is really very simple. Tlie germ-cells (ova and 
pollen-nticlei) of the cross-bred plants {white x yellow) 
must be potentially either pure white or pure yellow, 
with no bUmding of those characters. Further, the 
two kinds (yellow and white) of male germ-cells or 
pollen-nuclei must arise in equal numbers, and the 
same must be true of the female germ-cells or ova. 
By this supposition only can the observed facts be 
explained. If the supposition is true, then, when the 
cross-bred plant (F,) is crossed again with the pure 
white form, its white germ-cdls give rise to white 
grains which are of the nature {white x white), and 
are therefore pure. Its yellow germ-cells give rise to 
yellow grains which are of the nature {yellow x white). 
And, since the number of yellow- and white-bearing 
germ-cells is equal, the number of yellow and of white 
grains produced in this way is approximatdy the same. 
TTie yellow grains are of the ^me composition as the 
•original cross-bred grains obtained by aro^mg pure 
white with pure yellow, and we have seea that they 
behave in exactly the same way on further oross- 
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breeding. This conclusion is at least so far firmly 
established that no alternative hypothesis has been 
put forward which will explain the facts. 

We have next to consider what will be the result of 
crossing our cross-bred plants with one another instead 
of with the pure white form. The following possi- 
bilities present themselves : 

A yellow female gamete may pair with a yellow male gamete. 

„ „ „ .. whhe 

A white „ „ „ » yellow „ 

)( i> » >• white It 

All these combinations are etiually likely to occur, 
because in each plant there are the Kimo number of 
yellow and white female gametes as well as of yellow 
and white male gametes. In the long-run, therefore, 
eaclr of the above pairings will be found to have taken 
place in an equal number of cases. The grains which 
we shall obtain, then, will be yellow and white in colour, 
and the two kinds will occur in the following propor- 
tions : I pure white ; 2 white x yellow or yellow x 
white, which, as we have already Men, will be yellow 
in appearance ; and i pure yellow. Altogether, we 
diall expect a ratio of 3 yellow grains to i white. 

In an actual experiment the following result was 
obtained : 

Yellow graini 16,593, or 74‘S per cent. 

White „ 5, 681, „ 35 5 

— that is to say, a ratio of 2*9 yellow to i white. 

The expression iA: 2 Aa:ia, in which A represmts 
the dominant dharacter (yellow) and a the recMsiv® 
dteracter (white), may be spoken of as a Menddiaa 
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formula. It indicates the proportion in which the 
two pure types <ind their hybrid brethren will appear, 
on breeding together the offspring of a simple or 
mono-hybrid cross— ».<?., one in which attention is 
paid to the behaviour of a single pair of characters only, 

So far we liave been dealing witli a pair of characters 
consisting in the presence and absence respectively of 
a particular pigment. Precisely similar results are to 
be obtained in the case of a pair of structural char- 
acters. The endosperm, or reserve substance, of cer- 
tain varieties of Indian corn sliows a smooth surface, 
and contains an essentially starchy reserve material, 
whilst in other races the surface of the endosperm is 
wrinkled and the reserve product is of a sugary nature. 
This sugary endosiKsrm is characteristic of the kinds 
of corn largely used in tlio United States of America 
as a table vegetable. 

On crossing together a variety with smooth starchy 
grains and one with wrinkled sugary grains, the grains 
immediately resulting are smooth and starchy, no 
matter whether the stardhy strain is used as the seed- 
parent or as the pollen-parent — that is to say, the starchy 
diaracter is dominant, a dominant character being one 
which appeare in F, to the complete or almost com- 
plete exclusion of the corresponding character ex- 
hibited by the other parent, which is spoken of as 
recessive. In the present case the sugary character is 
recessive. 

The further behaviour of the cross between atnooth 
and wrinkled » precisely the same as that of yellow 
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crossed with white. Thus, if the hybrid plants are I 
together or self-fertilized, the resulting cobs will exl 
a proportion of three smooth grains to one wrin 
grain. In an actual example there were obtained 5 
smooth grains and 1,765 wrinkled, or 75-06 per c 
of the former and 24*94 per cent- of the latter. 

In a further generation the wrinkled grains b 
true. On the average one out of every tliree sin< 
grains does the like. The remaining two smooth gi 
are of hybrid nature, and on self-fertilization 3 
again the same proportion of three smooth to 
wrinkled. Such hybrid grains and the pl;ints 
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So far we have seen that both a pair of structural 
characters and a pair of colour characters can 
‘Mendelize,’ according to the phrase coined by the 
Germans— that is to say, the germinal representa- 
tives of such pairs of characters remain perfectly 
distinct in the hybrid plant, and separate completely 
at the formation of its gametes, in such a way that 
an equal number of gametes arises containing either 
character. 

The members of a pair of characters which behave 
in this way on crossing are called allelomorphs. When 
a pair of gametes fuse together in the process of fer- 
tilization the resulting cell is known as a zygote. A 
zygote formed by the conjunction of two like gametes 
is called a hotnozygoie. When the gametes contain 
opposite members of a pair of allelomorphs the result 
is called a heterozygote. The same terms may also be 
applied to the adult multicellular organisms into which 
these fertilized egg-cells develop. 

We have still to consider what happens when parents 
are crossed which differ in more than one pair of allelo- 
morphs. The actual result is as follows : 

Suppose a smooth yellow type of maize to be crossed 
with a wrinkled white variety, both smoothness and 
yellowne^ being dominant. The grains produced in 
Fi are therefore yellow and smooth. Let the Fj plants, 
arising from the smooth ydlow heterozygote grains, 
be crossed with the wrinkled white parent, which 
is recessive in respect of both these characters. 
In this way the true nature of every germ cell 
produced by the heterozygote win be able to manifest 















Fici, 14.— Mr.xiiKLtAX tx Maize. 

Cobs Imrii by hmwtmyut.m plant^i |K>Ilinat«l with the recmsive, showing 
iM|iiality rif smooth anti wrinkkd and of coloured and white grains. 

[To f(U 0 p. iHf>, 
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AH the following zygotic combinations are, then, 
equally likely : 


ABAB 

ABAb 

ABaB 

ABa^ 

A6AB 

AbAb 

AbaB 

AM 

aMAB 

aBAb 

aBaB 

aBa3 

stbAB 

abAb 

obaB 

mM 


Altc^ther there are sixteen combinations. The 
result can be expressed more shortly in the fomi 
(A -f + a) (B + 2B6 + b),* which will be found to give 
the above terms when expanded. Thus the oimbina- 
ti®tt of the Mondelittt formulae for F* when each of 
the i^irs of allelomorphs is considei^ separately, ■ 
gives us the formula for the two pairs of aHelomori^ 
considered ^ultaneously. 

Hie same iwult may also be written in the fcam ? 



m each term. Thus, A atonda fenr AA, B ioi BB, and so on* 
On cKpsnsion, together the contnets of tiw two 

hfraoketi, AxB idvmi ABAB* AxBb g^ves ABAb, and so on 
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Let us consider the external appearance of 1 
various types in the particular example before us. 

Nine of the above sixteen terms include A an 
and are therefore smooth yellow in appearance, 
need not stop to consider whether a or 6 or botl 
present in addition, since these are recessive.) 

Three terms inchidc A and b, B being abstmt. T 
therefore, appear wrinkled yellow. 

Three include a and B, A being absent. T 
therefore, appear smooth white. 

One contains a and b only, and is, tluirefore, writ 
white. 

With regard to internal constitution ; 

The nine individuals of appearance AB includt 
following ty{>es : 

One pure, A BAB, breeding true to the sm 
yellow type on self-fertilization. 

Two ABAb, heterozygous In respect of 
pair B-b, but pure yellow. 

Two ABaB, heterozygous in respect of 
but pure smooth. 

Four ABab, heterozygous in respect of 
pairs of characters. 

The three individuals of appearMice Ab include 
following types : 

One pure, AbAb, breeding true to the (i 
wrinkled yellow type. 

Two A bob, giving both wrinkM yellow 
wrinkled white. 
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The three individuals ol appearance aB include the 
;ollowing types : 

One pure, aBaB, breeding true to the (new) 
smooth white type. 

Two aBah, giving both smooth white and 
wrinkled white. 

The remaining individual is ab in appearance and 
dbab in constitution, and breeds true to the wrinkled 
white type. 

The expected behaviour of all those different types 
can be followed out by the aid of suitable breeding 
experiments, and not only has this been done in the 
case of the cross which we have been considering, but 
precisely similar phenomena have been shown to be 
taking place for a large number of other characters in 
many different species of plants and in a good many 
animals as well. 

We are now in a position to state the important 
proposition known as Mendel’s law, which is to the 
following effect : 

The gametes of a heterozygote bear the pure parental 
allelomorphs completely separated from one another, 
and the numerical distribution of the separate allelo- 
morphs in the gametes is such that all possible com- 
binations of them are present in approximately equal 
numbers. (Note that it is impossible for more than 
one member of the same pair of allelomorphs to occur 
together in the same gamete.) 

This is the essence of the great discovwy made by 
Gregor Mendel, Abbot of Brunn, and published by 
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him in the Transactions of the Bnmn Natural Histi 
Society in 1866. By some extraordinary cha 
Mendel’s paper was entirely lost sight of until 
same facts were independently rediscovered in il 
by de Vries working in Holland, by Correns in Germa 
and by Tschermak in Atistria. 

Gregor Johann Mendel was born on July 22, 18 
at Heinzendorf, near Odrau, in Austrian Silesia. 
1843 he entered as a novice the Augustine Convent 
Altbrunn, and was ordained priest in 1847. 

Mendel was a teacher of natural science in the Bn 
Realschule from 1853 to 1868, wlren he was appoin 
Abbot of his monastery. During this time he 1 
largely occupied with experiments in cross-breedin 
great variety of plants, and some idea of his acti% 
in this lino of scientific work is to l)c gathered fror 
perusal of his letters to the German biologist NSg 
a correspondence which has recently been publisl 
by Professor Correns. Mendel himself only publisi 
the result of his work with peas, and that of a few 
his experiments with Hieracium. 

After 1873 the cares amwiated with the posit ior 
Abbot of Brunn appear to have prevented furt 
biological work. His death took place in 1884, 1 
years after that of Charles Darwin, to whom Mer 
was thirteen years iunior. 

Mendel’s own experiments — that is to say, 
chief ones published by him^ — ^were made with peat 
kind of plants whidh were found to be remarka 
well suited to this kind of work. Seven pairs 
characters in these plants were found to behave 
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precisely the same manner as those characters of the 
maize-plant which have been already described, and 
in all of them the phenomenon of dominance also 
appeared. The characters dealt with by Mendel were 
as follows, the dominant member of the pair being in 
each case placed first ; 

Smooth seeds, and wrinkled seeds. 

Yellow, and green reserve material cotyledons. 

Deeply coloured (grey), and nearly colourless testas 
or seed-coats. 

Inflated or stiff, and wrinkled or soft pods. 

Green, and yellow pods. 

Flowers scattered up the stem, and flowers in a 
terminal bunch or umlxd. 

Tall, and dwarf stems. 

As the result of these experiments Mendel came to 
the conclusion with which his name is now closely 
associated — that the male and female germ-cells of 
hybrid plants contain each of them one or the other 
member only of any pair of differentiating characters 
exhibited by the parents, and that each member of 
such a pair of characters is represented in an equal 
number of germ-cells of both sexes. Furthermore, 
separate pairs of differentiating characters (alleio- 
morphs) conform to this law in complete independenas 
of one another. 

Although in Mendel’s own experiments one member 
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stances the heterozygote is found to exhibit jin appear- 
ance which is more or less intermediate between the 
types of character shown by the parents. It may be 
almost exactly intermediate, or the appearance of the 
cross-bred form may be nearer to that of one parent 
than to that of the other. Dominance is clearly only 
an extreme case of this latter phenomenon. The 
term ‘ dominance ’ is applied to those cases in which 
the appearance of the hybrid offspring is so near to 
that of one parent as to be no longer clearly distin- 
guishable from it. 

In other cases, still of a simple Mendclian nature, 
the appearance of the heterozygote may be quite 
different from that of either parent homozygote. An 
excellent example which is almost certainly of this 
nature is afforded by the Andalusian fowls studied 
by Messrs. Bateson and Punnett. And this wiU also 
serve as our first illustration of the application of these 
principles to animals as well as to plants. The facts 
of the case are as follows ; 

The ‘ blue ’ type of Andalusian appears to be a 
heterozygote form which has never been got to breed 
true. WTien a pair of these birds are mated together 
only about half their offspring are like themstdves, the 
remainder being entirely different. Half these re- 
maining ‘wasters’ are black, and half are nearly 
white, lowing only a few black ‘ splashes.’ If, now, 
a pair of the black wasters are mated together, they 
breed perfectly true, yielding only black offspring like 
themselves. Similarly the splashed whites mated 
together give rise to splashed white, and nothing elw. 
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Both these forms, then, the black and the splashed 
white, are clearly pure homozygotes. On mating a 
black and a splashed white together, black-bearing 
gametes and white-bearing gametes will meet together 
in fertilization. In every case in which this form of 
mating was carried out the resulting chicks were 
invariably blue. 

The gametes of the blue t5rpe of Andalusians, then, 
according to our supposition, do not bear the blue 
character at all. Half of them contain the black and 
half of them the splashed white allelomorph. Such 
gametes, meeting by chance when a pair of blue An- 
dalusians are mated together, give rise to the zygotes 
— one black-black, two black-white, one white-white — 
the black-whites being, of course, blue in appearance 
as before. 

Now, we may put this explanation to the test by a 
very simple experiment — namely, by mating the sup- 
posed heterozygote blues with the black and with 
the splashed white types respectively. Both these 
forms of mating were examined by Bateson and 
Punnett, and the results were as follows : It was found 
that blues crossed with blacks gave rise to equal 
numbers of blue and of black offspring, whilst when 
blues were crossed with splashed whites there ap- 
peared blue and splashed white chicks in equal numbers. 
And by a repetition of the process it could be shown 
that the blues so obtained were heterozygotes as before. 
Here, then, we have dear evidence that equal numbers 
of the germ-cells produced by the blue birds bear the 
pure black allelomorph and the pure splashed white 
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alWomorph respectively, since half the offspring ob- 
tained on mating the blue birds with black are black, 
and half the offspring obtained on mating them with 
splayed white are splashed white. The following 
scheme of inheritance illustrates the phenomena 
described : 


1 (zygote) blue heterozygotc 

I (gametes) black and white 


2 (zygote) 

i black-black 

1 

2 black- white i 

(blue heterouygote) 

wLite-whiti 

2 (gametes) 

black 

black 

1 

black 

white 

white 

white 

3 (zygote) 

1 

black 

j 

^ 1^ 

i^bjack ^ 2 blue i white 

1 0 
white 

3 (gametes) 

bkck\ 


1 

/ white 

black / 


\whi^ 

4 (zygote) 


all blue hetirmygotes 



A »8e which is closely similar to that of the An- 
dalusian fowl is afforded by the cro^ between Pfiftttd 0 
sinmsis and Primula st^lala. 

P. sinmsis crossed with P. steHaia ^ves rise to a 
type which ^ different from either parent, being in 
some respects mtermediate between the two. The 
hybrid is so distinct that a special name has been given 
to it, and the new tjTpe is totiown as P. pyramidaUs. 
So far it has been found impt^dible to obtain a strain 
of P. fi/vamiMis which win Iweed itm. Chi «if- 
fertilisation tl^ offspring are foimd to show the ty]^ 




Fl(n 15.— I^RIMtn.A SiXKXHIS CUOSHKI) WITH P. HtKLTATA. 

Above, the parentn. In the raiddle, the heterozyKt)te offspring 
pymmidalis. Below, the result of self-pollinating /\ pyramidalis : 
1. r, $intms : 2 . /** pyramidalis : t, P. stdlata. 


[T(t fact’ f*. Jtj4. 
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*. sinensis, P. pyramidalis, and P. stellaia in the 
I of 1 : 2 : 1 . 

Lses like the above illustrate the essential part of 

del’s law even better than those in which domi- 

:e is present, the characteristic proportion of one 

adx homozygote type to two of the heterozygote 

g at once recognisable in such a case without the 

(ssity for further breeding ; whereas, in cases where 

e is dominance, further study is necessary in order 

Jistinguish, among the individuals of dominant 

earance, those which are pure dominant and those 

± are heterozygous in constitution. 

1 concluding our accoimt of the simpler forms of 

idelian phenomena we may consider one further 

it with regard to the nature of the two allelomorphs 

:ing up any particular pair. In what is probably 

ajority of the cases hitherto examined the dominant 

recessive allelomorph seem to represent respec- 

ly the presence and absehce of somethmg. Thus 

dominance of colour to abwnce of colour, or white- 

1, is a very frequent phenomenon. And in some of 

more complex cases to be described in the nuKt 

pter we shall find the presence and absence of a 

ticular factor very often behaving as a pair of Men- 

an allelomorphs. The question arises as to how 

this conception should be extended. It seems, for 

ance, somewhat far-fetched to speak of dwarfness 

ein^ ^ply determined by the absence of the factor 

taUness, thor^ it is not impossible that this may 

he (XHrrect way of looking at fihe facts. Be this as 

my, it is to be remembered that a Mendelian pair 

13—2 
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often represents the presence and absence respectively 
of a particular feature. 
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CHAPTER VIII 
MENDELISM {continued) 

Mendel’s law, as stated in the preceding chapter, 
has already been found to hold good in a very large 
number of cases — cases in which all kinds of characters 
are concerned, belonging to many different species of 
animals and plants. In certain instances, however, 
complications arise, and these may be treated of in 
two main sections. 

The first kind of complication arises from the pheno- 
menon known as coupling. The essence of this pheno- 
menon consists in the existence of some kind of affinity 
occurring in the same individual between allelomorphs 
which belong to distinct pairs. In consequence of such 
an affinity exceptions are found to the rule that sepa- 
rate pairs of allelomorphs segregate independently. 

The closeness of the connection between the char- 
acters concerned shows a series of gradations in dif- 
ferent cases. In the simplest cases of all, what are 
loosely spoken of as separate characters are found on 
closer examination to be only different aspects of one 
and the same characteristic feature. These cases, then, 
offer no real exception to the rule, for only one pair of 
allelomorphs is actually concerned. As an example, we 

197 



MENDELISM 


iqS 

may take the case of the wrinkled sugary type of m 
already contrasted with the smooth starchy vari 
The essential difference between the two kinds d<jp« 
upon the fact that in the former the reserve* pro( 
laid down in the endosperm is differtmt, being Iar| 
of a sugary nature instead of bc:ing starchy. V 
this circumstance is associated the presence of a la: 
proportion of water in the unripe grain. And 
result of this is that, when the grain dries, its sur 
falls into folds. The sugary nature of the grains ; 
causes them to take on a more hyaline or s> 
transparent appearan<» than the grains of the star 
variety. All these characters, if they can be so cal 
behave on crossing as a single Mendelian allelomoi 
and are doubtless represented in the germ cells I 
single substantive representative. 

A simple example of what may probably be re|^r 
as a real case of coupling is afforded by certain col 
characters exhibited by pea-plants. In these pis 
coloured flowers, a red or purple colouration in 
axils of the leav^, and a marked pigmentation of 
testas, or seed-coats, are always associated together 
the same plants; so that, if we find a plant which 
green leaf axUs, we may be sure that its flowers ■ 
be wlute, and the testas of its seeds only slightly ] 
mfflated. On cr(B8ing plants Ixsaiing coloured a? 
coloured flowers, Mid pigmented testas, on the 
hand, with plants bearing green axils, white flow 
Md unpigment^ seed-coats, <m the other, the two s 
of chMacters are found to behave as a simple pau 
i^Womorphs, Md the simtdtamous @.p^>axmm 
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colour in these different situations doubtless depends 
upon the presence of a particular pigment in the plant 
which exhibits it. Nevertheless, we can scarcely 
fail to look upon these three separate manifestations 
of the pigment as representing distinct characters, and 
this being so, we suppose their germinal representa- 
tives to be coupled together in such a way that they 
remain associated at the time when, during the forma- 
tion of the germ-cells of the heterozygote, other allelo- 
morphs become independently segregated. 

And this way of looking at the facts is further 
justified by the behaviour of the characters in ques- 
tion in another species of plant. For in the sweet pea 
it is possible for the coupling between these characters 
to be broken down, so that a plant which exhibits 
green leaf axils may, under certain circumstances, bear 
coloured flowers. In such a plant the leaf-axil-colour 
and the flower-colour must clearly be represented by 
independent allelomorphs. 

In other cases, again, there may be coupling between 
characters which have no obvious relation to one 
another at all. In illustration we may take the case 
of a cross between two strains of peas, one of which had 
white flowers and opened its buds several days earlier 
than the second, the blossoms of which were purple. 

The F, plants (with purple blossoms) came into flower 
at a period intermediate between those of the paremts. 
In F, 506 plants were grown succe^fuUy, Some of 
these flowered as early as the white parent, and others 
as late as tite purple parent ; but tire majority of the 
plants ranged between these two eirtremes, so that 



;0W 

however, it was found that 175 purple and 104 v 
plants were in flower on a certain day, and that 
purple and 19 white plants did not open their 1 
until afterwards. There is, therefore, clearly s 
coupling between the presence of wliite blossoms 
early flowering on the one hand, and between late 
and purple flowers on the other. Two cliara< 
more diverse than colour of the flowers and tim 
flowering could at first sight scarcely bo imagined. 

> In this last example the two characters conce 
do not appear to be completely, but only part 
coupled. In some cases it is found that the dt 
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When blue-oval is crossed with red-spherical, the 
Fj plants are all blue-oval. But in F^, instead of 
getting 9 blue-oval, 3 blue-spherical, 3 red-oval, and 
I red-spherical, the numbers of the different kinds of 
plants obtained closely approached the following 
proportion — 177 : 15 : 15 : 49. 

Such a series would be produced if the allelomorphs 
concerned were associated in the gametes in the 
following proportion, 7 blue-oval, i blue-spherical, 
I red-oval, 7 red-spherical, as may easily be verified by 
multiplication. Enormous numbers of plants must 
naturally be examined before it can be asserted that 
the series actually chosen is really the correct one ; 
in fact, mere statistics are hardly capable of proving so 
complicated a proportion as this in the absence of 
independent considerations. 

In a second case, in which the characters concerned 
were fertility and sterility of the anthers, and presence 
and absence of pigment in the axils of the leaves, 
there was evidence to show that the gametic series 
was 15 : 1 : 1 : 15, instead of being 7 : i : i : 7. In fact, a 
series such as the following appears to be suggested : 



AM, 

mM, 

Ak 


Total 

No coupling 

9 

3 

3 

X 

16 

3:1:1: 3 

41 

7 

7 

9 

64 

7:1:1: 7 

177 


*5 

49 

256 

15:1:1: 15 

737 i 

31 

31 

2^5 

1,024 


It is remarkable that coupling of the type 3 : i : i : 3 
has not yet been observed. The search has, however, 
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only just commenced, and it is not unlikely that 
additional members of the series still remain to be 
discovered. In passing, it may be remarked that the 
ideas of correlated variability which existed prior to 
these recent observations were of a v<Ty vague and 
general character. There is goexi reason for hoping 
that we shall soon be able to describe the facts of 
correlation in terms as definite as tha.se which can now 
be applied to the phenomena of segregation. 

The second cla^ of complications that we have to 
deal with — although the term complication may be 
to a certain extent justified in connection with it — 
does not involve any exception to Mendel’s law of 
segregation. The phenomenon of so-called reversion 
on crossing has long been fanuliar to biologists. Its 
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It has been found that the essential part of this 
phenonaenon of reversion on crossing consists in the 
existence in the parents of certain hereditary factors — 
allelomorphs, in fact — which, although by themselves 
invisible, yet, when combined in cross-breeding with 
certain other allelomorphs, belonging to independent 
pairs, lead to the appearance of new visible characters. 

The term reversion cannot properly be applied to 
these phenomena as a class, because, in the first place, 
characters may arise in this way which cannot be 
regarded as ancestral, and, secondly, because reversions 
may take place in other ways ; for example, the 
reappearance of a simple recessive character would 
legitimately Ixs ranked among reversions. The best 
general name for the class of phenomena we are about 
to describe is perhaps latency of characters, or cryfto- 
tnerism, the latter being the term employed by 
Tschermak, who was the first to describe these phe- 
nomena in connection with Mendelian ratios. 

In the simpler cases an invisible or latent factor 
derived from one parent, on becoming associated with 
a ftiflerent factor born by the other parent, and already 
visibly represented among the external features of this 
second parent, makes itself apparent among the visible 
diaracteristics of the heterozygote. In such a case 
the chaiactaristic appearance exhibited by the hetero- 
2yg<rte may subsequently become permanent, owing 
to the building up of a type which is a homozygote in 
resect of both the necessaiy factors. 

'Diis may be made dearer by a definite illustration. 

A pea-phmt characterized by the presence of a |?:eyish 
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or brownish testa to its seeds (grey) was crossed with 
a plant having nearly colourless testas (white). 1116 
testas of the Fj plants were marked witli bright purple 
dots on a grey ground (pnrpleh These hybrid plants 
were self-pollinated, and in Fj the three types api>eared 
in the following proportions : 9 puiple, 3 grey, 4 white. 
What is the meaning of this ratio ? In order to 
complete the ordinary expectation for a simple Men- 
delian case in which two pairs of allelomorphs are 
concerned (di-hybridism) wo must write down the 
following exj^ession : 

„ J purple \ / no porple \ . , f purple \ /no purple! 

9 \ grey / * •* \ grey / ' '» \ no grey / ’ \ no grey / 

But it would seem that the purple character cannot 
appear when the grey colotir, or some factor con- 
stantly associated with this colour, is absent, as is 
the case in the original white parent from which the 
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the visible characters of the types which appeared 
in F2 would be represented by 9^415 + 3^6 + (3aB + 
lab). On referring to the account given on p. 176 it 
will be seen that one in nine of the purple plants is of 
the constitution ABAB, and may be expected to 
breed true. 

A precisely similar result may be obtained in Fj in 
cases where there is no reversion in Fj. In the 
following example a white pea, which did not contain 
the latent purple factor, was crossed with a ‘ maple- 
seeded ’ pea. The characteristic feature of maple is a 
marbling of brown spots on a grey ground colour. In 
Fi the marbling was dominant, and the seeds resembled 
the maple parent. 

In Fj there appeared 9 maple : 3 grey ; 4 white— 
i.e., the same ratio as in the previous case, this time 
without reversion. This ratio is brought about by the 
simple combinations of two pairs of allelomorphs A-a, 
and C-c, C being unable to manifest itself unless A is 
present in the same zygote. As a matter of fact, in 
this particular case C does sometimes just manage 
to appear in the absence of A, the result being a 
white seed with a sort of faint ‘ ghost ’ of a maple 
marking. 

When a strain bearing both maple marking and 
purple spots is crossed with a white in which neither 
of these f^ora is latent, we can easily calculate the 
ratio to be expected in Fg by using the formula 
{A+zAa-^a) (B + 2B6 + &) (C+zCc+c). The result 
works out as follows (writing m for maple, p for purple, 
amd g for grey) : zjmpg, gmg, gPg, 3g, {gmp, 3m, 
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3P, ixB). bince g is absent irom ail thr* members of 
the series enclosed in the bracket, these app^^ar white, 
or nearly so, the total nnmber of whites b ing thus i6. 
And the numbers obtained in an actual experiment 
accorded closely with the expected ratio 27 : 9 : «> : 3 ; 16. 

Among the sixteen whites, some will l>e Ix'aring the 
factors for m and p, others that for p only, others that 
for m only, whilst one in sixteen will contain neither of 
these factors. Until such invisible differences between 
the different white plants are actually proved to be 
present the whole account so far given will remain more 
or less hypothetical. The proof is obtainable by cross- 
ing the different whites with a pure grey strain. The 
grey factor being thus introduced, tlie whites which 
contain a p or an w factor will exhibit tlic same in 
their offspring. A number of the whites obtained in 
F, and in later generations were actually crossed with 
the same grey-seeded plant. Some of the offspring 
showed both the maple and the purple character, 
others the maple without the purple, others the purple 
without the maple, and others, again, showed neither ; 
the seeds of these last being exactly like those of the 
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only four types of colour-the ' agouti ' or wild grey 
colour, black, ‘ chocolate,' and albino. The beha 4 ur 
of these colours in heredity can be described in terms 
of three pairs of allelomorphs : 

_ Gg . The presence and absence of the factor which 
gives the ' agouti ' or grey pattern in the hairs. 

Bb : Presence and absence of the black determiner. 
Cc . I resence and absence of colour. 

Where C is present without G or B, the colour is 

being CCggbb or Ccggbb. Black mice may be CCrzBB 
etc., and grey mice CCGGBB, etc. ’ 

All a^mo mice are to be represented as those from 
which C— the chocolate colour-is absent ; but 
either C or B, or both, may be present (but latent) in 
an albino individual. 


When B and C are both present, the colour is black 
Md not chocolate. We cannot, however, speak of 
ack as being dominant to chocolate, since these two 
factors belong to independent allelomorphic pairs. A 
new term is therefore required for this relationship 
^d also for the relationship between grey and black! 
Bateson s suggestion for the required terminology may 
be given m his own words: ' We can. perhaps, best 
^pr^ the relation between the grey and the black 
by the use of the metaphore “ higher and lower," and 
I therefore suggest the term epistatic as applicable to 
chwacters which have to be, as it were, lifted off in 
order to allow the lower or hypostaiic character to 
appear.” ^ Thus grey is epistatic to black, and black 
IS epistatic to chocolate. 
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A curioiis and not fully explained phenomenon 
appears in the case of yellow mice, which must be 
briefly mentioned here on account of its bearing upon 
a subject discussed in the next chapter. Yellow 
appears to be epistatic to grey as well as to black, 
but yellow mice, so far as the evidence goes, are always 
heterozygous. Cu 4 not’s experiment to demonstrate 
this fact was as follows : 

When YyGGCC is crossed with yyGGCC, equal 
numbers of yellow and grey offspring are to be ex- 
pected, since G is hypf)static. to Y, In various crosses 
of this nature Cu6not actually obtained 177 yellows 
and 178 greys, from which wc may deduce tkat the 
heterozygote yellow was giving off the expected pro- 
portion of gametes bearing the yellow character (*.«., 
50 per cent.). 

When such heterozygous yellows are bred together, 
the expected result would be as follows : 

YyGGCC X YyGGCC - YYGGCC + a YyGGCC + yyGGCC 

y 

3 yellow i grey 

Eighty-one yellow mice were actually obtained to 
this way. Among them some twenty-seven would 
naturally be expected to be pure dominant, and to give 
yellow only when crossed with black or grey indi- 
viduals. To Cu^not's astonfehment, he found on making 
the nectary crones that every one of these eighty- 
one yellows gave some black or grey mnong its off- 
spring; not one of them was a pure homozygous 
yellow. 


LATENT CHARACTERS 


209 


The only way in which this result can be explained 
at present is by supposing that there is some obstacle 
to the fertilization of one yellow-bearing gamete by 
another g^nete of the same kind. The combinations 
YGC xyGC and yGC -xyGC take place, it would seem, 
readily enough, but there is some mutual repulsion be- 
tween YGC and YGC which prevents their union. We 
shall find later on that there is some evidence derived 
from an entirely different class of facts which seems to 
support the idea that a selective fertilization of this 
kind really does take place in certain cases. The 
phenomenon is nevertheless so remarkable that we 
may have some hesitation in accepting it without 
further evidence. In the meantime it must be recorded 
as a distinctly exceptional case, though not, be it 
noted, as an exception to Mendel’s law. The gametes 
obey the law, as was shown by crossing yellow with 
non-yellow, and it is only in their manner of combina- 
tion that a complication has been introduced. 

We have still to describe a case in which two latent 
factors, one derived from each parent, give rise, by 
their simultaneous presence in the zygote produced, 
to the appearance of an entirely new character. The 
following example is the first one of the kind to be 
completely elucidated, and is one of those studied by 
Messrs. Bateson and Punnett and Miss Saunders. 

The white-flowered variety of sweet-pea known as 
Emily Henderson was found to exist in two forms, 
only to be distinguished from one another by the 
^pe of the pollen grains which they produced. In 
one of the two the ^ape of the pollen is elliptical 

14 
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(long pollen), in the other it is approximatoly spherical 
(round pollen). Sweet-peas normally undergo self- 
pollination, so that the two typi's naturally remain 
distinct. Let us see what happened when the kmg- 
and the round-pollined forms were crossed together. 

The cross-bred plants (F,) had coloured flowers — 
flowers of the old - fashioned purple type known to 
florists as Purple Invincible, which is diaracterixed by 
a purple standard and blue wings. The pollen pro- 
duced by these plants was of the long type. Thus as 
regards the shape of the pollen grains there was simple 
dominance. But the union of two white-flowered 
types has given rise to a series of plants all possei^ing 
a definite colour character — purple with blue wings. 
This character is very probably the same as that 
exhibited by the common ancestor of all our cultivated 
sweet-peas. Here, then, we seem to have a clear case 
of reversion to the ancestral type on crossing. We 
diaU find that the Mendelian principles will enable tas 
to arrive at a clear conception of the mechanism of 
this pro<^^. 

The cross-bred plants were self-pollinated, and in Fg 
the following types made their appearance in approxi- 
mately the proportions given : 


Purplt Invincible 


. or . 

I’l M 

Fkotee 

arj 

1 

111 

Painted jMiy 

37 ' 

i 

• or ^ 


Tinged white . #.• 

''Wbite«»ii •»# 

9I 

113 
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Painted X^ady is a well-known colour type which is 
characterized by the presence of a red standard and 
white wings. Picotee and tinged white are also forms 
well known to the sweet-pea fancy. They appear to 
be diluted forms of the purple and Painted Lady types 
respectively, their appearance depending upon the 
presence of a definite diluting factor in addition to the 
factor for the colour in question, or perhaps more 
properly upon the absence of the proper strengthening 
factor which converts Picotee into purple, and tinged 
white into Painted Lady. 

The following explanation of the result so far 
described has now been well established by further 
experiment. In the first place, we may consider all the 
coloured forms together as a single group opposed to 
white. It is now clear that the coloured type of is 
due to the meeting together of two factors, one of them 
bom by one white parent and the other by the second, 
and it is necessary for both these factors to be simul- 
taneously present m order that any colour may make 
its appearance. We may call these two factors C and 
R, denoting the absence of either by c and r respectively. 
By the simple Mendel ian behaviour of these two pairs 
of factors C-c and R-r, the ratio of nine coloured 
plants to seven white appearing in F, is readily 
explicable, and the way in which this happens is shown 
in the diagram on the opposite page. 

To explain the presence of the four different types of 
coloured plants which make their appearance in Fj, 
two fwther pairs of allelomorphs are called in. The 

<tominant member (B) cme of these, when present 
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in combination with C and R, produces the purple 
or Picotee colour (blue), whilst its absence (ft) in pre- 
sence of C and R is accompanied by the appearance 
of the red colours — Painted Lady and tinged white. 

Purple Invincible and Painted Lady an^ regarded as 
intensified forms of Picotee and tinged white respec- 
tively. The presence of the second factor (jQ is attended 
by the development of the full colours purple and 


CR 


cR 


C r 


cr 


The shaded squares represent coloured plants, the blank squares 
white plants. 

Painted Lady ; its absence causes the appearance of 
the diluted forms Picotee and tinged white. 

B and T may be present when eitlier C or If or both 
are absent ; the resulting plant has then white flowem. 
And it is interesting to notice that the ultimate recessive 
white, containing c r b t, occurs only once among 256 
individuals of Fj. The whole apparently complex system 
of floral colours is thus explained by the simple Men- 
delian behaviour of four separate pairs of alielomorphs. 
Bateson and his collaborators have, therefore, provided 
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a complete account of the phenomenon of reversion 
on crossing, an account which has already been demon- 
strated to hold good in other instances besides that 
of the sweet-pea. The facts are expressed in the 
following manner by their discoverers : ‘ " Reversion ” 
is thus seen to be a simple and orderly phenomenon 
due to the meeting of factors belonging to distinct 
though complementary allelomorphic pairs, which at 
some moment in the phylogeny of the varieties have 
each lost their complement.’* 

Dr. G. H. Schull has classified the different known 
types of latency in the following manner : 

1. Latency due to separation. In this form of 
latency an allelomorph, when acting alone, has no 
external manifestation, and is only rendered visible 
by combination with another allelomorph belonging 
to a distinct pair. In this way such ratios as 9 : 3 : 4 
or 9 : 7 may arise. We have already observed an 
example of this phenomenon in the case of the two 
factors required to produce colour in the sweet-pea. 

2. Rare cases have been described of latency due 
to combination. This, instead of being due to separa- 
tion, is the result of a union in the same zygote of two 
dominant allelomorphs, either of which alone will 
produce a manifest character. When both allelo- 
morphs are present the character fails to appear. 

3. Latency due to hypostasis, or the masking of 
one dominant character by another character also 
dominant and epistatic to the masked character, has 
already been described in the case of the coat colours 

• Proceedings of the Royal Society, B. vol. 77, p. 238. 
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of mice. The simplest typical ratio thus produced is 
12 : 3 : 1 . 

4- The last type of latency described by Dr. SchuII 
is of a totally different kind. It is represented by the 
phenomenon to which the term ' latency ' was origin- 
ally applied by de Vries. This latency consists in the 
disappearance of certain characters under the influence 
of poor nutrition, or other changes of conditions. 
Examples of this phenomenon described in the chapter 
on Mutation were the submerged and floating leaves 
of the water-ranunculus, and the red and white colour 
of the flowers of a species of primula. 

We may now proceed to pass in rapid review a 
selection of the more remarkable instances of Mendeliam 
inheritance which have been so far demonstrated. 

The ease with which characteristic of colour can be 
distinguished and defined has naturally led to a good 
deal of attention being paid to the phenomena of their 
inheritance. In this way many cases of simple domi- 
nance have been discovered in plants and in animals, 
as well as several examples of reversion in Fj, followed 
in both cases by a Mendelian segregation of characters. 

Thus the colours of many flowers afford perfectly 
ample phenomena, whilst other cases, like the sweet- 
peas and the closely similar case of stocks studied by 
Miss Saunders, have required long and arduous ex- 
periment for their elucidation. No case of this kind 
hitherto examined hM been definitely proved to be 
non-Mendelian. 

Colour characters which follow Mendel’s law have 
bem observed in irace, rats, rabbits, guinea-pigs, 
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pigeons, fowls, cats, and so on. In butterflies and 
other insects, and even in snails, similar phenomena 
have been described. The study of the larger domestic 
animals awaits for the present the proper endowment 
of these researches. When this takes place, the 
inheritance of far more important characters than 
colour will be adequately studied to the great profit 
of all who are concerned in the breeding industry. 
Hurst Iras already shown from an examination of 
the stud-book that the bay and brown colours of 
thoroughbred horses are Mendelian dominants to 
chestnut. 

Other characters of the most diverse kinds are also 
similarly inherited. We have already referred to 
structural characters in maize and in peas. Stature 
is a character which is definitely inherited in many 
plants. Among more subtle characters a similar mode 
of transmission has been found in the case of differences 
in diemical composition, and in that of immunity 
from and susceptibility to the attacks of certain 
diseases. The thrum-eyed condition of the primrose 
has been shown by Bateson and Gregory to be a 
Mendelian doittinanf to the pin-eyed condition, so that 
we have here a partial solution of a problem which is 
rendered specially interesting from the fact that it 
baffled Darwin. 

A study of numerous pedigrees has enabled Bateson to 
show that there is great probability that m the case 
of the human race certain congenital diseases are simply 
trananitted from parent to offspring in accordance 
with Mendel’s law. 
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How far the influence of the Mendelian principles 
may extend we do not yet know. But it is certain that 
very few, if any, cases have so far been discovered in 
which differentiating characters do not behave m this 
way when the types which exhibit them are crossed 
together. Experiments have now been made upon a 
great variety of plants and animals, involving a con- 
siderable diversity of kinds of characters. Nevertheless 
it is scarcely possible to cite a case in which it is 
definitely and certainly known that Mendel’s law, 
subject to the modifications already described, does 
not hold good. Cases of various kinds are, indeed, 
recorded, but these records are derived from experi- 
ments either carried out before the bearings of the 
Mendelian phenomena were at all fully appreciated, or 
— ^and this is the most frequent case — without any 
knowledge at all of Mendejl’s discovery. 

Thus a considerable number of cases were formerly 
described in which the first cross or heterozygote of Fj 
bred true instead of segregating in F,. There is some 
doubt whether any case of thb kind win really stand 
criticism; Millardet’s case, for example, which was 
described at the end of the last chapter but one, has 
never been confirmed. It is quite certain that among 
aU the numerous cro^^ studied during the last rix 
years no example of the kind has been substantiated. 
The most recent cases to be described of a first mm 
breedmg true are those of 6b Vries, and at these we 
are bound to pause, because de Vries is surpassed by 
no recent observer in weight of authority. Neverthe- 
tess, de Vries’ cases are of so complex a kind that we 
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have some hesitation in accepting them without further 
study. 

It must be admitted that the suggestion that Men- 
delian segregation may be a universal phenomenon 
accompanying the formation of the germ-cells of all 
animals and plants is one which will be disputed by 
many biologists. There is ample evidence, they will 
say, of first crosses breeding true in the case of 
numerous plant and animal hybrids. But there are 
several points to be considered before we can accept 
the mere fact of a uniform progeny as sufficient evidence 
that there was nothing in the nature of segregation 
amongst the gametes of the hybrid. 

To prove a negative is proverbially difficult, and 
the attempt to show that hybrid characters exist 
which do not segregate in the germ cells of the hybrid 
is no exception to this rule. In favour of the opposite 
contention the following considerations may be 
alleged : 

The characters for which non-segregation has been 
asserted are generally complex and difficult to define. 
Such characters, for instance, are the general habit 
of a plant or the general shape of a flower. Characters 
such as these may reasonably be supposed to owe 
their appearance to the interaction of a considerable 
number of independent allelomorphs. 

Where two such factors are concerned, in cases 
where the heterozygote form is intermediate, we 
should expect one out of sixteen Fg individuals to 
resemble each parent form, the remaining fourteen 
plants being more or less intermediate. 
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With three such factors we should expect only one 
of each parent type to appear among sixty-four 
individuals. 

There seems to be no reason for doubting that the 
total number of visible factors, even, which go to 
make up the total shape of a flower may be consider- 
ably greater than this ; and the number of invisible 
allelomorphs upon which those depend may be pro- 
portionately more numerous still. In such a case, in 
an experiment where the total number of offspring 
grown was limited, types like the original parents 
might never be seen, .simply because the sample taken 
was not sufficiently large. 

Again, we have to consider the possibility of a 
differential fertility among the various allelomorphic 
combinations. This might lead to an intermediate 
form, actually breeding true in spite of the fact that 
segregation was going on in its germ- cells. The 
possibility has to be borne in mind that among the 
ofispring of two widely different species those indi- 
viduals which more nearly resemble their immediate 
hybrid parent may have a better chance of survival 
than the fonns which have more characters in common 
with a single pure grandparent. The only piece of 
evidence we have bearing upon this point is thl^ fact 
that we know the hybrid form itself to be capable of 
surviving. 

De Vries has recently published a very interesting 
observation, which ought to be mentioned in this 
connection. It appears that two forms of (Enoihem, 
Which or%inated in a cress, and are distinguished as 
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Lata and Vclutina respectively, possess female gametes 
half of which can be shown to bear the tall and half 
the dwarf character. All the functional pollen grains 
of Lata bear the tall character, and all the functional 
pollen grains of Velutina bear the dwarf character. 
De Vries does not offer the obvious suggestion that 
half of the total number of pollen grains in each case 
are impotent. If this suggestion should prove to 
represent the truth, CEnoth&ra lata would afford a 
case of a hybrid which breeds true in spite of the fact 
that typical segregation is taking place among its 
germ-cells. In the light of this discovery it is clear 
that non-segregation cannot properly be asserted in 
any given case until the hybrid has been crossed with 
each of the parent forms on a considerable scale. 

We may now turn for a brief space to some of the 
cases in which we have as yet no certain knowledge of 
the manner in which inheritance proceeds. 

The most obvious extension of Mendel's law to 
processes where it cannot be directly shown to hold 
good is to suppose that the same rule applies to cases 
of normal fertilization as to hybrid fertilizations. We 
should then picture the former process as taking 
place in somewhat the following way. Every visible 
character of the individual whidi can be separately 
distinguished, and which on cross-breeding would be 
inherited on ordinary Mendelian lines, must be repre- 
sented in the gametes by a definite factor of some kind, 
po^ibly by a de&iite substance or combinatiem of sub- 
^ances. The pair of parental factors for a particular 
character would mmbine on fertilization, and at the 
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formation of the gametes in the offspring its members 
would separate as perfectly definite entities, to re- 
combine when these gametes meet once more with their 
corresponding mates. Such a definite segregation of 
characters taking place within a pure strain would be 
very difficult of absolute demonstration, but it is hard 
to avoid the conclusion that this is a true deduction 
from the facts observed when cross-breeding takes 
place. Such a segregation would formerly have been 
thought a very small assumption in comparison with 
that of the segregation of pairs of allelomorphs of 
which no trace is externally visible, and yet the latter 
assumption has now been ^own to be perfectly well 
established. 

This idea of unit characters, capable of being inherited 
independently of one another, is one of the most 
important conceptions which has ever been introduasd 
into the science of biology, and the introduction of it 
has followed as the direct result of Mendel’s work. It 
is a conception which has led to a complete cliange in 
our ideas of heredity, since we no longer look upon 
the individual as a unit, but find ourselves compelled 
to study separately the independent diaracters of 
which the individual is built up. The idea of the 
individual as a living mosaic — an idea put forward long 
ago by Naudin with only a partial realization of its 
significance— -has thus returned to us. In this ctm* 
nection a curious problem presents itself. What 
would be left if we could imagine all tias separable 
characters of a living creature as having been taken 
away? Would them, or would there not, be any 
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residuum ? Upon this knotty point there is a disagree- 
ment among authorities, and so we may be content 
to leave it, since the question is hardly one which is 
capable of a practical solution. 

A phenomenon to which it is scarcely doubtful that 
Mendelian principles will ultimately be found to apply, 
although as yet the precise proof is wanting, is that of 
sex. In the male and female sexes of the majority of 
animals we have a very clear example of a pair of 
definite differentiating characters. And the fact that 
in the majority of forms the two sexes make their 
appearance in nearly equal numbers, may be thought 
to point clearly to the conclusion that the separation 
of the sexes depends upon some quite simple gametic 
process. Light has recently been thrown upon this 
question from the side of the study of the minute 
structure of the gametes, and we shall defer the further 
discussion of the problem to the chapter which deals 
with microscopic phenomena within the cell. 

A proper understanding of Mendel’s law enables us 
to escape certain theoretical difficulties which have 
long been prominent in the minds of students of 
evolution. Many evolutionists were accustomed to 
argue that a new form suddenly arising in the midst of 
am old-establi^ed species could not give rise to a new 
and permanent variety or elementary species, because 
it would immediately be ‘swamped’ by intercrossing 
with the parent species from which it was derived. 
If, however, the character distinguishing the new 
tjrpe is allelomorphic to the corresponding character, 
or absence of a character, ^own by the parent form, 
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this difficulty disappears. For suppose as an extreme 
case that the new type arises as a single individual 
only, which is therefore compelled to mate with a 
member of the original species. If the new character 
is recessive it will disappear in the immediate offspring 
of this cross. But half the germ-cells produced by 
the cross-bred form will bear the new character pure 
and undiluted. If any of these cross-breds mate to- 
gether the new type will appear in a quarter of their 
offspring. Even if all of them mate with members of 
the original type, half the offspring of such matings 
will be heterozygous, and sooner or later the hetero- 
zygotes will be sure to mate with one another, and 
give rise once more to the novel type of individuals. 
If the new form has any structural or other advantage 
over the old species, the former will tend to survive at 
the expense of the parent type, and it may survi'v^ 
if it is only equally well fitted for the battle of life. In 
the case of dominance of the new form the same 
process will take place, only it will be apparently 
more rapid in the early stages because the cross-breds 
will themselves exhibit the new character. In this 
case, even if the new type has a very marked advantage 
over the parent form, the proce^ of completely sup- 
planting the latter will be delayed, because the old 
type of diaracter can survive concealed in heterozygote 
individuals. 

Let us pause for a moment to sum up the novel ideas 
which have so far l^n presented in thb and tlm 
preceding chapter. 

We found m the first plat* that from tJ* ix»int 
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of view of heredity we must look upon an animal or a 
plant as a composite being, made up of a great number 
of unit characters, each capable of separate description, 
and all inherited independently of one another. 

When a pair of nearly-related animals or plants 
are mated together, when, in fact, like is bred with 
like, and with still greater certainty in cases of self- 
fertilization such as are not uncommon among plants, 
every unit character bom by one gamete finds a 
corresponding mate among the characters bom by the 
second gamete. It naturally follows that a series of 
characters similar to those of the parent or parents 
make their api>earance in the offspring. 

When a pair of individuals belonging to distinct 
varieties or races are mated together, the result is the 
same in the case of the majority of characters exhibited 
by each of them. For separate varieties of the same 
species differ from one another in a small number of 
units only, and organisms which differ in more than a 
few unit characters refuse altogether to unite for the 
production of offspring. From the study of the precise 
behaviour of those characters in which a pair of 
parental organisms differ, a flood of light has been 
thrown upon the phenomena of inheritance. 

We find, as a rule, that opposed to eveiy differen- 
tiating unit character of one parent there exists a 
coiresponding but different dxaractar in the other 
parent. One parent may have smooth seeds and the 
other wrinkled seeds, for example. Very frequently 
the corresponding feature consists in the absence — or 
failure to appear — of a particular character, as, few 
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to the appearance of white flowers. 

We can now realize how necessary it is, in order to 
avoid hopeless confusion, to follow the l>ehaviour of 
each pair of characters in the offspring separately. 

The result of the meeting b<itween the two opj>osed 
characters of the same pair we saw to l)e different in 
different cases. There may arise in the offspring 
(i) the appearance of a simple blend of the two parental 
characters. Or (2) one character may Ikj more or less 
dominant over the other. Or (3) the combination of 
the two parental characters in the offspring may give 
rise to an appearance quite different from that of either 
of them, very much in the same way as in chemistry 
oxygen and hydrogen when combined give rise to water. 
Or (4) we miiy get further complications in which un- 
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one pair of allelomorphs has taken part in the cross, the 
members of each pair are found, as a rule, to undergo 
this process of segregation quite independently of all 
the other pairs. 

The result of this phenomenon of segregation is 
that we find our conception of what constitutes purity 
in a strain of animals or plants to be completely 
altered. We now know that purity does not depend 
upon the length of time during which the race has 
exhibited a constant character. A strain of absolute 
purity may arise from the second generation of a cross. 
Such a pure strain may show an entirely new com- 
bination of the parental characters. But this is so 
far the only kind of novelty which we can produce at 
will. We know almost nothing as to the method by 
which entirely new characters arise. We can only 
take advantage of such characters when they happen 
to make their appearance. 

I would draw special attention to the definiteness of 
the characters vdth which we deal. We do not evoke 
improved features by gradual selection ; the characters 
are either there or they are not. Let it be further 
remembered that every process of this kind which has 
been worked out in the case of a plant can be paralleled 
by similar phenomena taking place in some one or 
other of the higher animals. 

On the mind of a biologist familiar with what was 
known of heredity only ten years since these facts 
must fall with a sense of complete novelty. The 
ideas current even so short a time ago are not so much 
extended, or even altered, as replaced by an entirely 

15 
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new set of ideas. And it m.ay H«‘ n-markfcl in p.a*si 
that the biologist of fifty year.s ago and more was mi 
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nevertheless the few exceptions recorded by competent 
observers still require further examination before they 
can be accepted as invalidating the law in any single 
instance. 

The question naturally arises as to how far the Men- 
delian rule of inheritance agrees with or contradicts 
those estimations of hereditary values which have been 
arrived at by the labours of the biometricians. 

So long ago as 1902 Mr. G. Udny Yule endeavoured 
with some apparent success to reconcile the Mendelian 
results with those of biometry. Progress has been 
rapid during the last four years, and what we have now 
before us is rather the question of reconciling the bio- 
metrical conclusions with the firmly established facts 
of Mendelian inheritance. More recently Mr. Yule 
seems to have succeeded in performing this service for 
science, although the comments of other biometrical 
students upon his work have still to be awaited. 

. In 1902 Yule considered the case of a pair of simple 
Mendelian characters, A and a, exhibited in a mixed 
population breeding together at random, in such a way 
that the total numbw of germ cells bearing A and a /J 
, respectively might be regarded as equal in any genera- ^ 
, tion. In such a case it will alwajrs be an even chance 

• whether a recesMve f^rent will produce a dominMit .|| 
. or a recessive child, because the chance of its gamete 

* («) mating with or « is the same. A knowledge 

of the anosstry of the rece^ive parent makes no 

difference to the result. Consequently the case of r j 

the pure rece^ive does not fall in with any possible * 

^ory of ami^stral heredity. 

' 13—2 _ 
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But on turning to tho dominnnt par* nt, thr ra« 
found to bo different. For $wc!» an on»‘ may oil 
a pure dominant imnioisygote giving off .l-ganu 
only, or it may la; a hotorozygoti* giving off w 
numbers of A- and a-gnmetes. Yul« slunvs lliaf if ti 
the parents of the A individua! exliibitvtl lltedwrai 





hybridiMtion » to be extended to many cases— 
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horses, which would have been classed unh()sitatingly 
as instances of heredity by all biometricians in 1902. 
Bateson’s instinct did not fail him when he divided 
these problems into those of continuity and those of 
discontinuity respectively, although at the present time 
the realm of continuous variation and inheritance is 
being steadily encroached upon owing to the analysis 
of complex characters into definite constituents. 

In 1904 Karl Pearson struck a blow at the prospect 
of conformity between biometrical and MendeUan 
results in his memoir, ‘ On a Generalized Theory of 
Alternative Inheritance, with special reference to 
Mendel’s Laws.’ Pearson’s treatment of the subject 
involved advanced mathematical reasoning, and we 
can, therefore, only give a brief summary of his main 
results. Pearson proposes special terms for the A and 
the a elements respectively of a couplet or pair of 
allelomorphs. He proposes to call the A element a 
protogene, and the a element an allogme, and he thus 
distinguishes betw^n the two sorts of homozygotes 
by calling A A a. protozygote and aa an aUozygofe. 

Pearson considered the case of a population breeding 
together at random, in which a single measurable 
character, such as stature, is determined by the combined 
action of an indefinite number of pairs of allelomorphs, 
and he proceeded to work out the value of parental 
correlation which was to be expected under these’?'; 
circumstances. Tbis value he found to be exactly 
one-third, a value which happens to be identical with 
Galton’s original <tetennination of parental correlation 
from his statistics of human statrure. A considerabk 
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number of determinations of parental correlation 
have, however, since been made in the cast; of all 
kinds of characters. The values rfiow considerable 
variation, but the average which they indicate is much 
nearer to 0'5 than to 0'33. Pearson therefore con- 
cluded that in none of these cases could anything 
resembling Mendelian inheritance be taking place, 
and that the latter is, in fact, the exception rather than 
the rule. 

Mendelians, aware of the certainty of their own 
results, and being convinced that these facts must 
have a very wide application, were thereupon driven 
reluctantly to the conclusion that something was 
seriou^y wrong with the methods adopted by biome- 
tricians for determining the coefficients of correlation. ' 
It seems, however, that this conclusion may have been 
arrived at with undue haste. 

In August, 1906, Mr. Yule read before the Inter- 
national Congre^ of Hybridization assembled tn 
London a very interesting paper on ' The Theory of 
Inheritance of Quantitative Compound Characters on 
the basis of Mendel's Laws.' Though some difficulty 
was then experienced in following his argument by 
an audience unaccustomed to statistical methods. 
Yule’s conclusion is really very simple. 

Yule points out that the only character dealt with ^ 
in Pearson's memoir is the number of proti^enic or 
allogenic couplets present in the individual, and it k the 
proportionate number of these couplets present in tli« 
p@ront and in the offspring respectively which k taken 
^ determining the vdue of the correlation coefficient. , 
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Cn»«!«iut;ntly IVarson’s treatment of tlie subject does 
not iuhtify his statement that the Mendelkn theory 
giv«ts a rigid %'HhH! for the coefficients of parental cor- 
relation for all races and characters — conclusion 
whicli he H’gards as fata! to tliis theory, because the 
cmjfficietits for different characters and races, as found 
statistically, show considerable individual differences, 
and MS‘tn to chister round a value considerably higher 
than that ituiicated by his elaboration of the theory of 
t he pure g.une.tc . Yule thereupon discuss a somewhat 
more general case, and considers the inheritance of a 
length made up of a numbtjrof distinct segments, each 
of which is determined by an independent pair of 
aUe!omor|»hs. SupiKwing e.ach segment to take the 
length a, b, or c, according as the corresponding proto- 
zygote, heterozygote, or allozygoto is present, Yule 
arrives at an etpiation from whidi the correlation 
between pjirent and offspring may be found. From 
that etjuat ton the following rissults are dcducible : 

If there is dominance— if a - 6 , or 6 *■ c, the corre* 
iation coefficient is the mme as that found by Pearson 
— I.C., oiie-third. 

But if the heterozygote always gives rise to a 
length exactly intermediate between th(»e due to 
the resjajctivc homozygotes, the correlation is found 
to otie-half. 

Cases of partial dotninani» will give an intermediate 
value. CoitKijuwitly, according to the degree of 
iniperfwtion of dominance, and without assuming any 
other disturbing circumstances, values of parental ’ 
correlation varying from 0*33 to O’S are to be expected 
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inhrrjtanr.r of a mimbor t»f coitiparafivi'Iy wmple 
rJt.uacti TS, many of which have little* jiiarlicaJ impor- 
tance. Blit the fact of th«*ir stridly ^fendehan !x> 
havitmr showed the [xwsibility of readily obtaining any 
di sired i.ombination of tliem, and at tin* same time 
n'ndeied It higlily probable that e haracters of a more 
ptacfical value to the farmer would prove siimlatly 
unienable to the breeder's art. 

I bus Biffen foiniil that the follow im; pairs of 
characters, among others, exhibited simple Menddian 
phenomena, the one placed first Ixdng m «*ach case the 
domin,int : 


Ifeardlesi ears. 

Keeled glumes. 

Felted ghiiiies. 

Red chaff. 

Red grain. 

Thick and holh»w stem. 


Itearded ears. 

Round glumes, 
(ilabrous gltimci. 
While chaff. 

White grain. 

Thin and solid stem. 


And w) on, fn other cases, again, the Ft generatkMi 
slwwed a character intermediate between those of 
the {Ktreiiti, and in P, them apfieared a ratio come* 
sjionding to A : aAa : :|i 
Tims when Polish wheat (early) was criissi*d with 
Rivet wheat (late), tire time of ripening of tlw F, 
generation was infemwdiate between those of the 
parents. In F*. 103 early, aio intermediate, and 
100 late plants, were counted. Time of rijaming It, 
moreover, clearly a character wbidi may lar of wi|. 
siderable iwactical imj^rtance. t* 

In fm ther illustration of what can lx* done from a 
mcrciai point of view, we will (xmskier the rase of tm*§ 
"ther chiuraeters only-rust immunity and * *.tf«ngtlt,' 
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We may next turn to an even more important 
achievement. In many countries the annual loss of 
crop due to the attacks of yellow rust, Puccinia 
glumarum, amounts on a moderate estimate to a con- 
siderable number of millions of pounds sterling. 
Certain strains of wheat exist, indeed, which are more 
or less completely immune to the ravages of this fungus, 
but these are usually wanting in other qualities which 
are indispensable to the farmer. If it should be found 
that immunity to rust is a simple Mendelian allelo- 
morph, it would be possible to combine this quality 
. with any other useful character which obeyed the same 
law of inheritance— as several useful characters have 
already been shown to do. At one time it must have 
been thought that a similar method of inheritance of 
the diaracter rust-immunity was too excellent a boon 
to be reasonably hoped for. 

Among a great number of strains of wheat grown 
, the Cambridge experimental farm, several types 
4>Showed marked differences in the degree of their 
A immunity from, or susceptibUity to, the attacks of 
Pmdma glmmrum. Among them Mr. Biffen found 
, which was apparently quite immune, and, though 
' grown m the midst of numbers of rusted plants, itself 
liever dtowed a trace of infection. Of another type, 
; known as Michigan bronm, no single individual ever 
' ! reaped the rust, and so badly were the plants of this 
itfain diseased that very few ripe grains could ever be 
, Obtained from them. 

■•'I'l’-'BifiSiXi crossed th^ two types together. In the 
generation every plant without exception was 
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badly rusted, but fortunately a amsiderable nu 
of ripe grains was obtained, and these were 
to produce the second generation. When the | 
of this generation had grown up it was obs 
that among a majority of badly-rusted plants a. 
individuals stood out fresh and green, being en 
free from infection. On examination it was found 
every plant could be placed in one or other ol 
categories™ either it was badly rusted or it 
entirely free from rust ; and the numbers of the 
kinds of plants were as follows : 1,609 infected 
immune. 

It is clear, then, that immunity and susceptil 
to the attacks of yellow rust behave as a simple pt 
Mendelian characters, immunity being receive, 
it is, therefore, possible to obtain by crossing, in ! 
generations, a pure rust-free strain containing any < 
desired quality which is similarly capable of 
inheritance. 


BIBLlOGRi^HY. 

Msmdsl, G. J. : Briefe an Carl NSpU. 

Bateson, W. { Ponnett, R. C. f and Saunoers, Mis* S 
Reports to the Evolution Commits of tint Royal Bo< 
190a- 

Also niunetous papms by Batwem, Biflton. CMtle, Cch 
H urst, Tacbemmk, de Vrim, md othm. 




CHAPTER IX 

RFXENT CYTOLOGY 

Every living creature may be regarded as being built 
up of a number of structural units which are known 
m <^lls. In the case of some of the simplest animals 
and plants, indeed, the whole body of the organism is 
composed of a single cell — a small mass of living proto- 
li^asm, containing, as a rule, only one nucleus. But 
to all the higher animals and plants the adult body is 
made up of a great number of such cells living to 
totimate association with one another. 

The living material of which the cell is composed is 
lonown as protoplasm. Protoplasm is a highly com- 
plicated and unstaple combination of substances, 
’amongst the constituents of which the chemical 
' Aments, carbon, oxygen, hydrogen, nitrogen, and 
; fHilphur, play the chief parts. Its consistencgr is dimy 
and semifluid. 

Concerning the nucleus — ^the most essential and 
characteristic of cell organs—moie will have to be said 
iat<» on. Other hnportant organs of cells are a wall 
; membrane which externally surrounds them, one 
hbf more vacuoles or cavitfes containing a watery fluid, 
W sometimes a gas, and a certain number of more solid 
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situated and approximately spherical in form. The 
protoplasm is divided into an outer hyaline and an 
inner granular portion, the former being limited exter- 
nally by a very delicate membrane. The shape of the 
animal is irregular, and, moreover, undergoes gradual 
alteration owing to the characteristic amoeboid move- 
ments. These consist in a slow protrusion and with- 
drawal of processes of the body, enabling the animal 
to change its position by a kind of flowing movement, 
and also to engulf its food, which consists of various 



Fig. 17. — Amceba. Fig. 18.— Plburococcus. 

n. Nucleus ; /, food particle. «, Nucleus ; w, cell-wall ; 

chl, chloroplast. 


minute organic particles, by the simple process of 
flowing around it. 

In contrast with Amceba the unicellular plant Pleuro- 
coccus is motionless, and is surrounded by a firm wall 
of <»llulose. In addition to a central nucleus, the 
plant contams, embedded m its peripheral protoplasm, 
several plastids which bear the chlorophyll concerned 
in the assimilation of carbon from the gases of the 
atmosphere. This chlorophyll lends a green colour to 
the whole contents of the cell, and in its natural habitat 
the plant is quite conspicuous. The green powdery 
substance often to be seen on the bark of trees. 




may continue to exist in the interstices of the 
skeletal framework. 
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new ones. In this case, it is only by a stretch of 
language that we can speak of parent- and daughter- 
cells, for the individuality of the pre-existing cell is 
completely lost, and two fresh individualities have now 
taken its place. 

Since all the cells of the animal or plant body arise 
by the bipartition of pre-existing cells, it is clear that if 
we follow these processes far enough back, in the case 
of any individual organism, we may arrive at a period 
at which only one cell was present. And under 
ordinary circumstances this is actually the case. 
Every individual among the higher animals and plants, 
arising by the ordinary sexual method, existed at the 
earliest stage of its embryonic history in the form of a 
single cell, the fertilized ovum. And the first obvious 
process in the development or embryology of the young 
organism consisted in the division of this primitive 
cell into two new cells. Each of these new cells then 
divided again in like manner, and the multiplication of 
cells continued until aU the innumerable cells which 
build up the organs of the adult body had finally 
come into existence. When growth is completed cell- 
divisions continue more slowly, producing new cells to 
make good the wear and tear of the bodily tissues. 

As the number of cells increased, their relation to 
one smother in space was constantly changing. Dif- 
ferent cells, too, became modified in different ways ; 
for instance, the cells on the outside of the young 
embryo took on a different form from those within, in 
accordance with the different conditions to which 
they ware exposed, and a host of other changes took 
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place too numerous for us to follow in detail, 
the complicated structure of the adult organisn 
gradually arrived at by a process of dtjvelopme 
which cell- multiplication played a most prominen 
essential part. 

We have next to inquire what is the method of « 
of the original embryonic cell —t lie fertilized ow 
from which the new animal or plant develops. 

As is indeed implied by the expression ‘ fert 
ovum,’ this coll arises by the fusion together ol 
independent cells, such fusion constituting the pr 
of fertilization or impnignation. One of the 
which took part in the fusion was derived frotr 
parent organism, and bore the distinguishing chars 
istics of the cells which composed that parent- 
least some part of those characteristics— whUs) 
other was in like manner derived from the sc 
parent. 

It is to be observed that this fusion together 
pair of cells, derived (in the case we are consider! 
namely, that of ordinary biparental reprodwe 
from two separate individuals, results in the formi 
of a complete new individuality, whiclt arises defir 
at that point of time at whidi the fusion of the 
conjugating <^lls takes place. In this way the 
of the oflspring are seen to be of double origin, a 
is found that traits and characters derived from 
the father and the mother can co-exist in them sk 
side. 

The c»lls which take part in the above-mentJ 
fusbn are known as gametes, or |#r»*-c^fs~male 
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female respectively, according to the sex of the parent 
from which each is derived. In animals the female 
gamete is known as the ovum, and the male as the 
spermatazoon, and the product of their fusion, as already 
said, is called the fertilized ovum. Germ-cells of a 
similar kind arise in a slightly different way in plants. 
The germ-cells are produced in special parts of the 
organism known as the generative organs, which in 
flowering plants are represented by the pistils and 
stamens. 

A more convenient expression for the fertilized ovum 
is that of zygote, a term which we have previously 
encountered in the shape of the homo- and hetero- 
zygotes of the Mendelian. By an expansion of meaning 
the term zygote is also used to express the whole 
organism which ultimately arises from the product of 
fusion of a pair of gametes, and by this use the impor- 
tance of the gamete, as opposed to the zygotic organism 
as a whole, is brought into due prominence. 

We find, then, that the succession of generations in 
the higher animals and plants, according to the common 
use of this expression, depends upon the succession 
of a much larger number of cell -generations. By 
repeated divisions, each giving rise to a new generation 
of cells, the fertilized ovum gradually develops into 
the adult organism. By the division of certain 
members of the later generations of cells which compose 
this organism the gametes are produced. By the 
conjugation of a pair of gametes a zygote of the 
second generation arises, and the same processes are 
continually repeated. 
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Each of the cells hitherto referred to possesses a s 
nucleus, which is usually a more or less spherical 
occupying a central position within the cell. N 
like the cells which contain them, arista only b; 
division of pre-existing nuclei. Thus the histo 
the nuclei is in every way similar to the history c 
cells, of which they constitute so important a 
In fertilization the nuclei of the conjugating ce 
gametes fuse together to form the singUs miclc 
the fertilized ovum, and every division of this a 
well as of its cell-progeny, is preceded by a dii 
of the nucleus into two similar portions. 

We may forthwith concentrate our attention 
the nucleus as being that part of the ceil which 
primary importance from the point of view of here 
for it is now generally recognised that the nu 
is the part of the cell in which liereditary fea 
are in some way carried. And we may next con 
a little more closely the structure of the nude 
seen under high powers of the microscope. 

In what is somewhat improperly called its re 
condition — b. condition which is diaract eristic of t 
at all times when they are not actually underj 
division, or preparing for that process — the inideui 
be seen to be bounded by a more or less definite «i 
membrane. The internal structure of such a niid< 
described as reticular— -that is to say, at least 
different substances are differentiated within 
nucleus, one of them forming a reticulated medn 
the interspaces of which are occupied by tto > 
(Fig. 19. p. 232). 
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In entering into a detailed description of the changes 
which take place in the finer structure of the nucleus, 
it must be clearly understood that the more minute 
features alluded to are only to be seen with any degree 
of definiteness in dead cells which have been killed 
practically instantaneously by the action of some 
powerful chemical poison. Under suitable conditions 
it is believed that treatment of this kind fixes the con- 
stituent parts of the nucleus in very nearly the same 
relative positions as they occupied in life at the 
moment immediately preceding the death of the cell. 
The tissues containing the cells to be examined are then 
usually cut into very thin sections, and other chemicals 
are applied to them, the result of this treatment being 
to stain different parts of the nucleus of different 
colours and with different degrees of intensity. It is to 
the behaviour of the structures thus made visible that 
our description applies, since it is impossible to follow 
these changes in actually living cells except to a very 
imperfect extent. It may be pointed out, however, 
that we have every reason for believing that the 
differential effect produced by the processes of fixing 
and staining only serves to render more clearly visible 
real differences which actually existed during the life 
of the ceE, and some indications of many of these 
differences have even been actually seen in living cells 
under exceptionally favourable conditions. 

The nucleus, when treated in the manner described, 
is seen to be built up of a network of branching fibrils, 
the meshes of whidi enclose a comparatively clear and 
hyaline substance. The fibrils of the network are made 



believing that the chromatin of the nucleus 
special importance from the point of view o 
mcdianism of heredity. This reticular structi 
the nucleus is indicated in a diagrammatic fashi 
Fig- 19- 

Further light is thrown upon the detailed stri 
of the nucleus by the changes which become \ 
during the process of nuclear division. This pr 
which is known as mitosis, we must now proce 
describe. 

In the description of mitosis which follows 
account of this process has been somewhat goner 
and simplified, and Figs. 19 to 26, which Ulustral 
phenomena, are purely diagrammatic. It is 1 
that the most important features of this compli 
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into which the thread eventually breaks up. Tlie 
thread gradually grows shorter and thicker, and 
presently becomes divided into a number of pieces 
which are known as chromosomes. In the chromo- 
somes the shortening and thickening process is con- 
tinued until these bodies arrive finally at the form of 
stumpy rods, each of which often becomes bent into 



Fig. 19. Fig. 20. Fig. 21. Fig. 22. 



Fig. 23. Fig. 24. Fig. 25. Fig. 26. 


the form of a horseshoe. Meanwhile the nuclear 
membrane breaks down, so that the hyaline substance 
of the nucleus becomes continuous with that of the 
cell body surrounding it. A fresh phenomenon now 
becomes visible. A spindle-shaped arrangement makes 
its appearance consistmg of a number of minute fibrils 
which connect together two points— the poles of the 
spindle — situated at opposite ends of the cell. The 
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chromosomes now cliange their position so tliat 
come to lie in the plane of tlie equator of the sp 
and about this time, but sometimes earlier, 
chromosome splits longitudinally into two 
portions (Figs. 22, 2 j). This split ling in the c 
each chromosome takes place in the e([uatoriaI 
of the spindle, so that one? member of each p 
daughter chromost>mes faces towards om; pole 1 
spindle, and the sticond towards the other pole, 
members of each pair of daughter chromosonie: 
begin to move away from one another towarc 
two poles of the spindle, and as they do so th 
indication of a dividing wall Ixstween the tw< 
cells begins to make its apixjarance in the equt 
plane. 

Arriving at the poles, the daughter chromo 
begin to elongate, and to put out processes 
finally meet and fuse with those of their neigt 
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share of the chromatin which was present in the 
parent nucleus. 

A great deal of evidence has recently accumulated 
to show that chromosomes are very definite and 
important organs. In the first place, the number of 
chromosomes which make their appearance at each cell 
division is the same in all the cells of any given 
creature, and this numerical constancy further extends 
to the cells of all the members of a particular species, 
though in members of allied species the number of 
chromosomes may be different. In widely separated 
species the number of chromosomes varies consider- 
ably ; thus from 2 to 200 have been counted in the 
case of various different members of the animal and 
vegetable kingdoms. One of the commonest numbers 
found is twelve, and this number occurs in a con- 
siderable variety of different animak and plants. 

Next it has been shown that the chromosomes 
which arise at the beginning of a nuclear division are 
identical with those daughter chromosomes of the 
preceding division which originally entered into the 
nucleus now about to divide. An example of the 
kind of evidence upon which this conclusion is based 
may next be given. 

Fi^. 27, 28, and 29 show the three possible arrange- 
ments of the four chromosomes which are found in the 
cells of the worm-like animal Ascaris, as seen from the 
direction of the pole of Ae spindle in the dividing 
nucleus. Of these arrangements, that shown in 
Fig. 29 is much the least common. Now in this par- 
ticular case the chromosomes, when they first make 
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their apjmarance immediately before the proce 
division, are found with their extremities situat 
little pockets or bulgings of the nuclear memb 
so that their exact position is very definitely mai 
and the arrangement of the chromosomes may b< 
one of those already indicated. Boveri observed 

Fjo. 27. Fio. 28. Fio. 29. 

in the case of two neighbouring cells which 
originated by the division of the same mother-t»l 
chromosomes made their appearance in both ca* 
the uncommon position of Fig. 29. Figs. 30 ar 
indicate their actual arrangement. The conclusii 
be drawn from this observation is that the 



Fto. 30. Fio. 3t. 


diromosomes have preserved their individuality 
through the resting stage of the nucleus, to real 
in the same position at the outset of a new pha 
division. 

It is believed, then, that the same stages whid 
diromosomes passed through at the dose of 
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nuclear division, giving rise to the nuclear reticulum 
in the daughter nucleus, are repeated in the reverse 
order at the outset of the next division ; the same 
processes are withdrawn into the same chromosomes, 
and these shorten into structures identical with those 
which passed into the nucleus at its first formation, 
except that they have increased in bulk during the 
interval. 

Boveri, in fact, concludes that the separate chromo- 
somes are to be looked upon as distinct individuals — 
almost as separate simple organisms — ^which preserve 
their individuality throughout the history of the cell, 
and reproduce themselves, just as cells and nuclei do, 
by a process of bipartition. As far as the chromo- 
somes themselves are concerned, their typical or 
resting form is that of the short simple rods seen in 
mitosis. The branched anastomosing character seen 
during the stage of the nuclear reticulum is associated 
with the active co-operation of the chromosomes in the 
physiological processes going forward within the 
nudeus. For this reason the term ‘resting stage’ 
applied to this condition of the nucleus is a particularly 
inappropriate one. 

Boveri iEustrates the amount of credence which he 
would attach to this theory of the individual persis- 
tence of the chromosomes throughout the resting 
condition of the nucleus, by means of the following 
analogy : ‘ We make water from oxygen and hydrogen, 
and from this water we can obtain oxygen and hydrogen 
again in the same proportions. Just in the same way 
as the chemist on the evidence of these facts regards 



water as containing oxygen and hydrogen, altho 
the properties of these substances are completel] 
abeyance, so I believe it to be with equally g 
reason that our theory regards the individual chro 
somes as l)eing preserved in the rfjsting nucleus.** 
Since Boveri expressed this opinion Rosc'ufcrg 
produced further evidence of an equally convin< 
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may be specially concerned in the development of 
particular parts. 

Sutton has recently shown that the different chromo- 
somes contained in the same nucleus of a particular 
animal may be of different shapes and sizes, so that each 
is individually recognisable. It was thus possible to 
demonstrate that an identically similar set of chromo- 
somes appeared at each of several successive cell 
divisions. In this way additional evidence is afforded 
of the individual persistence of the chromosomes and 
of their separate identity. 

We have already pointed out how, in the process of 
fertilization, the two conjugating germ-cells, as well 
as the nuclei which they contain, become completely 
fused together to form a single cell containing only one 
nucleus. It might have been expected that the sepa- 
rate chromosomes contained in the conjugating nuclei 
would also fuse together in pairs during this process, but 
this is not the case. The paternal and maternal chromo- 
somes remain separate, so that the nucleus of the zygote 
contains twice as many chromosomes as does that of 
either of the gametes by the fusion of which it arose. 
This double number of chromosomes reappears at every 
c«ll division during the embryonic history of the 
zygote, and thus the fact is accounted for that the 
number of chromosomes in a somatic nucleus is always 
even.* Thus we see that the chromosomes derived 
from the two parents are present side by side in the 
nuclei of the offspring, and reproduce themselves by 
bipartition at every nuclear division which takes place 
* See, hovsrever, p, 270 for an exceptional case. 
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in the zygote. In this way every somatic nuclei 
the latter contains a double set of chromosomes, 




duced by one parent, whilst the other half came I 
the second parent. 

There is reason to believe that the set of dm 
somes derived from one parent is complete in il 


riryT ' til f i il 1 ,1 '{§} 'CmSw Ollfi 


of a normal individual. Indeed, in some case 
parthenogenesis (development of the unfertiliz<*d « 
egg cells have been known to develop wliich conta 
only a single set of chromosomes. Boveri pn 
very prettily that tlie patennal set of chromosom 
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species, it follows that either during the formation of 
the gametes, or at some one or other of the cell 
divisions leading up to their formation, there must occur 
a reduction in the number of chromosomes to one-half 
of their former number. In the case of the higher 
animals this reduction takes place during the two cell 
divisions which directly lead up to the formation of the 
gametes themselves. In plants, on the other hand, the 
reduction takes place during the formation of those cells 
which are known as spores. From these, after a certain 
number of intervening cell generations, the gametes 
take their origin. These intervening cell divisions in 
plants are characterized in every case by the appear- 
ance of the reduced number of chromosomes. In 
the higher plants, in fact, a generation is, as it were, 
interposed between the reducing division and the 
actual formation of the gametes. For the spores are 
themselves unicellular reproductive bodies like the 
gametes, but differ from the latter in the fact that 
they develop without undergoing conjugation, and 
give rise to a larger or smaller mass of tissue consisting 
of cells with the reduced number of chromosomes. 
From the fact that the cells of this gamete-bearing 
generation contain half as many chromosomes as 
those of the spore-bearing generation with which it 
alternates, the generation produced from the spores 
has been spoken of as the ^-generation in contrast 
with the ordinary, or 2X-, generation. In animals the 
aj-generation is reduced to a single generation of cells 
only, which is represented by the gametes themselves. 

We must next proceed to examine the actual 
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method by which the reduction in the numbt'r o 
chromosomes is brought about. 

The simplest type of the process of reduction o 
chromosomes takes plaa^ at the formation of the 
germ-cells, or sjxirmatozoa, of animals. For the sa 
clearness we shall consider the case of an anim 
which the somatic cells contain four chromosomes ' 
and in which the reduced number characteristic o 
gametes is therefore two. 

The reduction in number of the chromosomes I 
plaa; during two successive a;!! divisions v 
immediately lead up to the formation of the g 
cells. A particular mothor-cell divides twice in i 
succession, and the four cells thus arising develop 
spermatozoa without further subdivision. 
these two nuclear divisions the somatic numb 
chromosomes becomes halved, giving rise to 
number characteristic of the gametes. 

Immediately before the first of these division 
chromosomes become closely associated togethi 
pairs, and in certain cases it has been irfrown tha 
member of each pair is very probably the descer 
of a chromosome derived from the male parent, v 
the other member of the pair b the descendant c 
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and a paternal member fused together. Each of the 
visible chromatic bodies next divides into four parts, 
the set of four deeply staining bodies being known as a 
tetrad. Thus when there are four somatic chromosomes 
the number of tetrads appearing will be two (Fig. 32). 
A mitosis now takes place, during which there is no 
further division of chromosomes, but half of each 



tetrad passes to either pole of the nuclear spindle, 
so that each daughter nucleus comes to contain two 
half-tetrads, each consisting of a pair of deeply-staining 
bodies (Fig. 34). This division is not followed by the 
production of a resting nucleus, for before any nuclear 
reticulum is formed, and while the half-tetrads still 
retain their definite appearance, the daughter nuclei 
divide again. At this second division in each nucleus 

17— a 
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the separate members of each of the two half-tetrads 
pass to opposite poles (Figs. 35, 36). In the nnohiiis 
of each of the four cfills which thus arise is, there- 
fore, present one quarter of each of the four cliromo* 
somes which originally appeared — one menilHtr, that 
is to say, of each tetrad (Fig. 37). Kacli of the cj-Hs of 
which we have thus traced the origin develops dirtsctly 
into a single spermatozoon. 



The method of development, or maturation, of Iho 
ova, or egg-cells, of animals is in all essential respects 
similar to the process by which the sptjrmatozoa arise. 
It differs, however, in the fact that of the four cells 
which result from the corresponding divisions, one if 
very large and constitutes the ovum, whilst the other 
three are very minute, and are apparently of no furtlttir 
importance. In the accompanying diagrams (Figs, 40 
to 42), the smaUer ceMs, or polar bodies, have been 
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enormously exaggerated relatively to the size of the 
ovum itself. 

The original tetrad is believed in all cases, and has 
lM‘en actually obs(;rved in a few cases, to arise by a 
wfparaiioTj of the two fust^d chromosomes, followed by 
.1 divisiftn of each of thesti bodies into two. In cases 
wherti the chromosomes retain their rod-like appear- 
ance throughout these changes there would seem to be 
some dmibt as to wliefher the first of the divisions 
giving rise? to the ‘ tetrad ’ is transverse or longitudinal 
in dirtsetion, and it is possible that the process may be 
different in different casts. But it is generally agreed 
that the first division separates the two original 
chromosomes, and that at the first of the two nuclear 
divisions which tmsue the members of a pair of parental 
chromosomes pass into separate nuclei. The second 
division, on the other hand, like an ordinary mitosis, 
separates halves of chromosomes. This agreement 
among authorities is explained by the drcumstance 
that those obsttrvers who have seen a longitudinal 
first division believe that the parental diromosomes 
conjugated side by side, whilst those who describe a 
transverw division describe also an end-to-end con- 
jugation of the diromosomes. 

The first of these two ideas is the one illustrated in 
the accompanying diagram (Fig. 43), representing the 
bcluiviotir of a single pair of parental chromosomes 
during the two nuclear divisions whidi give rise to 
four sp«.«rm cells. The chromosome derived from one 
parent is shaded, whilst the other is left blank. 

Thus the fust of the two gamete-producing divisions 


differs from all other mitoses in the fact tliat tn i 
actual separation of whole chromosomes takes pli 
it is a qualitative and not only a quantitative divis 
It is to this mitosis that the term reducing dmsu 


properly applied. 

We have to notice that at one stage of the pr< 
now described the chromosomes derived from the 
parents are in a close state of fusion. It would ! 
as if the actual conjugation of chromosomes, v 
failed to take place when the conjugating gametes 
their nuclei fusesd togetlier in the formation «l 
zygote, was only delayed, and now occurs hundre 
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takes place at the formation of the spores, which arise 
in sets of four, each set corresponding to a group 
of four spermatozoa, or to the ovum and the three 
polar bodies of an animal. In the case of flowering 
plants the nuclei contained in the spores make a few 
further divisions, at each of which the reduced number 
of chromosomes is to be observed, and one or more of 
the cells thus finally produced take on the character of 
germ-cells, Tlui sjiores are of two kinds, large and 
small, the latter being the pollen grains. The larger 
S|>ore8 give rise to female gametes and the smaller to 
male, and fertilization takes place in the ordinary 
manner by a fusion between the nuclei of these germ- 
adls 

We have seen so far that the number of chromosomes 
contained in the somatic nuclei of a given species is 
always the same, and is always even. We have also 
men that this number is made up of two separate sets 
derived resjxictively from the two parents, and that 
the members of the two sets preserve their separate 
individuality right through the long seri^ of nuclear 
divisions which take place during the development of 
the individual zygote, A fusion of chromosomes of 
paternal and maternal origin respectively takes place 
only in the direct line of ancestry of the germ-cells 
which are destined to give rise to new members of the 
sjHicies. This process of fusion tak^ place in animals 
Immediately Indore the formation of the actual gorm- 
ciiUs, but in plants a larger or smaller number of cell 
generations earlier. After fusion the paternal and 
maternal chromosomes apparently separate, and the 






mitMes in thf. facf that ini^tcad of mfody ihsHf vrring 
halves of chromosonn«, the ar.fiial sotnalit* rhromo* 


somes separate and lK;come distrifnited erpially Ijvtwivn 
the resnlting nuclei ; so that in tlusc nuclei, and in the 
germ nuclei which arisi! by their division, the. number 
of cliromtM^mes is reduced to lialf the somatic tnmdwr. 


When fertilixation takes plaoj the somatic ntiinlier of 
chromosomes is restored by the union of nuclei, each 
of which contains half that numl»r. 
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B and b thost^ of the other, and we will suppose that 
one of the parents exhibits the characters A and b 
and the other the characters a and B (Fig. 44). Then, 
in tlic xygote resulting from fertilization, a, B, and b 
will all Ix! present. 

Sina* all the adls, at least in the direct line of 
aita!Stry of the gametes, must contain every allelo- 
morph, it will lx; nea'ssary for the particle representing 
each allelomorph always to divide into two before a 
cell division takes placi;, for only in this way can some- 
thing corresponding t o each allelomorph pass into each 
of the two cells produced by the division. And a 
similar process will be repeated at each somatic 
mitosis (Fig. 44). At tlie formation of the germ-ceUs, 
however, or at some preceding cell division, the two 
members of each pair of allelomorphs must become 
separated from one another in such a way that the 
particles origimilly derived from different parents 
jmss over into different cells. When two pairs of 
allelomorphs are cona;rncd, this process of separation 
can take place in either of the two ways shown in 
Fig. 45- And tlie experimental evidence shows that 
the two methods occur with equal frequency in the 
formation of tl» germ-ceUs of the same heterozygote. 

Anytmc who has succeeded in following the above 
accotmt of the behaviour of the supposed particles 
reprewnting Mendelian allelomorphs in the cells of a 
hybrid organism, on comparing it with the preceding 
description of the behaviour of chromosomes in the 
somatic and reducing divisions respectively, can 
scarady fail to be struck by the extraordinary siroi- 
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larity between the two processes. It seems quite 
clear that there must be some real connection between 
the behaviour of chromosomes as seen microscopically 
on the one hand, and the behaviour of allelomorphic 
characters as deduced from the results of experiment 
on the otlier ; and that the evidence derived from these 
two forms of study is bound to be of considerable 
mutual Ixmefit. 

At first sight it might be thought that the chromo- 
somes ait! the actual bearers of Mendelian characters, 
in the that each chromosome represents a single 
allelomorph ; and, indeed, there is no fundamental 
differenc.e lietwcen the behaviour of chromosomes and 
that of our supposed character-bearing particles. But 
there is, at least in some cases, a fatal objection to 
this Is'lief in the fact that in certain plants the number 
of separate allelomorphic pairs which may be bom by 
a hybrid is greater than the reduced number of chromo- 
somes wliich the germ-cells of this hybrid contain. 
For instana;, in the case of the pea the reduced 
number of chromosomes is seven, and Mendel himself 
described the btdiaviour of seven independent pairs of 
allelomorphs in ixsas. Recent study has revealed the 
presenat of at least four additional pans of allelo- 
morphs in these plants, aU of which are probably equally 
indc*{K*ndent of orw another. 

We must, therefore, seek a different explanation, 
and dt‘ Vries has recently suggested one which up to 
tin* present time appears the most likely to represent 
the true account of the phenomena. De Vries’ ex- 
planation is associated with the finer stmcture of the 
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chromosomes therasplves, a subject Jipon whidi we 
have not hitherto entered. Under high imwers of the 
microscope, and after very careful jireparalion, it is 
possible to observe tlmt each chromf)sorn«‘ ef*nl;hjis a 
number of s*;paratc darkly-staining granules w!u»;li are 
known as c/irnmomfres. When the pairs of parental 
chromosomes fuse log«‘ther pn'vious to the redtscing 
division, the cliromomeres which they contain .ap|»enr 
to meet together in corresjKmdiirg pairs. The meml)ers 
of each pair fuse togellwr compk’tely, iifterwardH 
separating as the chromosomes separate. 



Fio. 4 ^ 


De Vries supposes the Mendelian alltdomorplis to 
be contained in the chromomertts, and that when these 
granules fuse together an exchange of allelomorphs 
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mils, precisely that chance distribution of allelomorphs 
which is required on the Mendelian theory would thus 
be arrived at. 

I)e Vries’ explanation throws light on one pheno- 
menon which is not accounted for on the supposition 
that each chromosome represents a separate allelo- 
morph. In the diagrams previously given of the 
lx;h:iviour of Mendelian characters within the cells we 
have given no indication of a conjugation in pairs 
poivious to the n:ducing division. Such a process of 
fusion is, however, one of the most marked phenomena 
iit tlm beliaviour of the chromosomes at the parallel 
stage of their existence. On the chromosome-allelo- 
morph view, the phenomenon of mitosis as bringing 
abotit an cciual division of hereditary particles between 
the adls, and the process of reduction in the number 
of the cltroinosomcs, are both accounted for, but there 
is no cxplaitation of the fusion between the pairs of 
chromosomes. On de Vries’ view, however, this pro- 
asss Mi newssary in order to bring about the necessary 
redistribution of allelomorphs between the diromo- 
st>mes, and so between the germ-cells into which the 
latter pass. 

In cases where the phenomenon of correlatioa 01 
coupling has been observed we must suppose that there 
is home meclianism which causes the representative 
part ides of the respective characters concerned to 
remain in company during the process by whi^ the 
other allelomorphs are being rcassorted between the 
chroirwMiomes, Of this process of coupling the ^ 
gists Imve not yet able to observe any visible 
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indicjitioa in the behaviour of the chromosomes, any 
more than they can really sec the ^distribution of the 
s«j)i>osi!d factors ciirried by the chromomcres. But 
apart from this it must be? allow«;d that the facts of 
experiment and of microscopic observation fit in with 
one another in a remarkable way, and that the Men- 



logical probiems—niimely, tlie problem of the heredity 
of sex. Until recently opinion has twen largely 
dominated by the view that sex-prtHlurtion is in 
general controlled by the influence of external con- 
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germ-cells of a particular species of insect known as 
Protenor bclfragu The case afforded by this animal 
is remarkable inasmuch as the somatic cells in the 
mate, and only in the male, contain an odd number 
of chromosomes. An irregularity is accordingly intro- 
duced into the process of fusion of the chromosomes 
in pairs, which, as already described, always precedes 
the formation of the germ-cells with their reduced 
number of chromosomes. In the case of the male 
Protemr all the chromosomes fuse in pairs except one, 
which is, of necessity, left over. This odd chromosome 
is described as the heterotrofic chromosome. The 
female Protenor has one more chromosome in its 
somatic, ceils than the male, thus making up an even 
number ; that is to say, in the female the pair to 
the odd chromosome of the male is present, so that 
there are two hetcrotropic chromosomes, or idio- 
chromosomes. These fuse and separate in the reducing 
division, which thus proceeds in the normal manner 
in this sex. In the male, on the other hand, when 
the reducing division occurs, the heterotropic chromo- 
some passes complete into one of the resulting cells. 
In the second gamete-producing division, every chro- 
mw«»mc‘ prt!scnt having divided into two, the products 
of this division pass into different gametes. These 
latter divisions are of two kinds, since in one of them 
the hettfrotropic chromosome takes part, whilst in the 
other it is wanting; consequently, two out of the 
four spermatozoa eventually produced contain the 
heterotropic chromosome and two do not. (Only one 
«perinat««oon of each kind is shown in Fig, 47.) TTius 
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therf is a difttwntiation td th»‘ spTm.t!r»;*rM intri 
different kinds, and one of kinds mnl.iin 

chromosome less than the other. On the otfe-r lu 
every egg (as well Jis every polar horlv) < ,>ni.uns 
idiochromosorne. 

In fertilizatu»n some of the « ggs hi come im|»regn. 



%■ 

ov, ovum ; pK polar body ; it> vi*rm«o«^ i* 


by spermatozoa containing the hetejofrt^pic chi 
some. Such eggs invariably develoji into {•i 
having a pair of iduKihotmosomes in each sot 
cell. Otlier eggs are fertilized by sin rmatozoa !a< 
the heterotropic chromosome, and these become ii 
their somatic ccUa containing only the single hi 
tropic duroraosonie derived from the egg. fh 
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companying diagram illustrates the behaviour of the 
chromosomes during these processes. The hetero- 
tropic chromosomes are represented as black, whilst 
the remaining chromosomes are left white, and for the 
sake of simplicity only two pairs of the latter are 
ifldicuted in th6 somatic cells. 

When the above facts are taken into consideration, 
it is scarcely possible to doubt that there is a causal 
relationship between the characteristics of the female 
sex and the presence of two heterotropic chromo- 
somes, and that a similar connection exists between 
maleness and the presence of only one. Let us trace 
this relationship a little further. 

The facts clearly prove, in the first place, that the 
unpaired heterotropic chromosome alternates between 
tte two sexes in alternate generations, passing from 
the male to the female in the production of females, 
and from the female to the male in the production of 
mdes (see the diagram). 

Assuming that these particular chromosomes are 
really concerned in the determination of sex, Wilson 
suggests the following interpretation on Mendelian 
lines. Since the heterotropic dhromosome is the only 
<we present in the male, it must represent the male 
(feterminant. But, since spermatozoa whidi contain 
this chromosome produce <mly females, the maiftmai 
mate of the male heterotropic chromosome, already 
present in the egg, must be a dominant female de« 
terminant. And in the process of fertiUzation whidb 
gives rise to males the heterotropic chromosome 
derived from tte c|g must represent the male deter- 
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minant. Two dirtrrt'nt ol pggs arr thcirioti. 

prmhiO’d |>rrsijmalj!y in rqual niimlw r** uhidi con- 
tain the nil!'* an<i fcniaU- i!« ti'rfnmant rrN|rc!i\a’|y ; 
ill*' fnrnur arr* Irrtiliwd only by sp«'rm.itn «»4 in kijs]^ 
tlir h»*!«'r<*Jrr»pjr, r,!irnmf»s<»mi‘ and vue %:erui. Tliy 
combiiwf ion^k whkh ari«’ in this way may t** mpm- 
senfcti as (m)f ancS m, 

A srli'Cfivc pfocrss of fort iliiat ion is th«*r«*{ori* a siw# 

qvd mn for tins rxpknatitm it must !»• intpoisihie 

(or a Hpprinato/'son Iwaring tlw malr rh-ti rminant i» 
fcrtiliW’ an I'gg in whirh a 111,11** rh'lffminant is alrrady 
present— “in othrr words, only rggs rontaining tlte 
femate dtderimnant can Is* frrtili*i'd by sprins whktft 
contain a Iwtrrotropic t;!}roin«»«»m« At first sight 
this ncopsswiiy swpposiiion of a srlrciivr frritiiiiatkm 
presented ttwif to Wilson as a wfions diffitatliy. 
points out, however, that tlw rxis-rmwitts of Ctt#iiof 
with yellow mita** afford jierfectly indejrnilrnf evidenoe 
of the actual oconrrenoi* of a srlrciiw tertih/aiinn esf 
this kind in a particular sjrcs*sof animal (and similarly 
Wiltwi’* obtervations tend a wrkoinr confirmation te» 
Cutfnot’* tmcliiswni from His exj'rrimenis). 

In mice Culnol found that on rrmsinf ir^elber.^-; 
heti-rraygou* yellows VytMVC * he tibtainwsS ' 

no jmre doininaitt yellows—V* V'-~*«Kh a* were to 
expi ted ; and Ihw in spile of the fa*'i that YK»t»X‘C m . 
yyGGCC gave e<£|Mal niiinberi of yelloo-s and greym 
fshowing ihni the VfQGCC individuate wrti* giving oflf ^ 
ntwilw'ri of yellow andl of non-yelhiw- gaimrteift), 
Culnot explained lit* unusual result by supp*nnig tbH.t 
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yellow-bearing spermatozoa unite only with eggs from 
which y is wanting, and vice versd. On this explana- 
tion, one might at first sight expect to get a proportion 
of two yellows to one grey instead of nearly three to 
one, which was the ratio actually observed, since the 
fertilization yellow by yellow fails altogether. But 
Wilson points out that, since spermatozoa are in great 
numerical excess as compared with eggs, it will be 
possible for all the Y-bearing eggs to be fertilized by 
y-bearing .spermatozoa, as well as half the Y-bearing 
eggs by Y-bearing spermatozoa, thus bringing the pro- 
portion of yellows to greys more or less nearly up to 
three to one. 

In another species of insect closely allied to Protenor 
t!» somatic cells of the male, like those of the female, 
contain each a pair of idiochromosomes ; but in the 
male one member of the pair is much larger than the 
other, whilst in the female they are of equal size. The 
behaviour of the larger member of the unequal pair of 
chromosomes, in the various nuclear processes whidh 
occur during the life-history, is precisely like that of 
the single hetcrotropic chromosome of Protenor. It Is 
itm po^ible to legard this chromosome as representing 
a re<»asivc male determinant, and to suppose that the 
proce^ of sex determinatiaa is precisely similar in 
tte two cases. On this supposition, the snaaJler idio- 
dhromosome is rei^ded as Iteing without functimr 
far as sex is concerned. 

In a third insect belonging to the same natural group 
both male and female sex^ bear alike a pair of idio- 
chromosomes of equtd size. Here, again, it is possible 
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Colour-blindness must therefore be supposed to be due 
to the presence of a dominant allelomorph, and its 
non-appearance in women must be caused by the 
presence of another dominant factor which is epistatic 
to the factor for colour-blindness. It has been sug- 
gested that the counteracting element is none other 
than the factor for femaleness itself. 

Old and impotent females among the higher animals 
are known sometimes to assume some of the secondary 
characters of the male sex. This power suggests the 
presence of the male element as a previously latent 
factor in their constitution. On the other hand, the 
supposed female characters assumed by castrated 
males can probably be accounted for as the result 
of arrested development, without any necessity for 
assuming the presence of a female factor. 

It is not necessarily to be supposed that the above 
description of the facts of sex-determination will hold 
good for every kind of organism. In fact, Correns 
has produced evidence which seems to show that in 
the case of certain plants it is the male which is heteror 
zygous, whilst the female is homozygous. On the 
Other hand, the first Mendelian interpretation of sex 
ever put forward — namely, that due to Castle— 
supposed that both sexes were heterozygous. Many 
further facts must be obtained and discussed before 
the problem of sex-determination can be r^^arded as 
in any d^ee settled. 

By way of further iEustrating the far-reaching im- 
portance of the mforraation which has been rendered 
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the conception of the isolation of the germ-cells from 
somatic influences, a view which is in complete accord- 
ance with the Mendelian view of the inheritance of 
definite characters. And it was Weismaim who first 
emphasized the belief that the chromosomes represent 
those parts of the nucleus which are specially concerned 
in the processes of heredity. These conceptions — 
which, indeed, constitute an essential part of his own 
theory of heredity — ^have stood the test of time in an 
admirable manner. 

Let us turn our attention, then, for a short space to 
the Germ Plasm Theory of inheritance. On Weis- 
mann’s theory, as in most other theories of heredity 
from the time of Darwin and Nageli downwards, the 
sepsurate parts of the living organism are supposed to 
be represented by separate material particles in the 
germ-cells. These representative particles are known 
as idsrminants. A complete set of determinants in 
which every part of the organism is thus represented 
constitutes an id. So far Weismann’s hypothesis is in 
ck«e agreement with the idea of representative particles 
which we are driven to adopt by the facts of Mendelian 
inheritanw, except that, foUowing de Vries, we should 
speak of separate characters rather than parts as 
being thus represented ; for there seems to be no doubt 
that the same character-determinant can afiect the 
development of a number of different parts. But at 
the next step the Mendelian parts company with 
Weismann. The latter assumes that the cells of an 
organism contain a large number of ids, or complete 
sets of determinants, haU of the total number being 
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dt'rivi’d fr«»m parritt, and thaf, altliongli at thf 

ffdncinR divinitin which prrot'dcs (hr fwmaf inn of Ihc 
gamr(t*!» th«‘ total number of ids is n'lhicrd to half of 
what it was in the somatic wUs, sltU, yvrrai ids 
derived from each parent arc present in every germ- 
0 * 11 . 
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from Weismann’s theory, and that but for Weismann’s 
work it would have been impossible for us to have got 
so far in the co-ordination of the facts derived from 
experiment and microscopic observation respectively. 

The preceding sketch may serve to show how Mendel’s 
o^rvations have been found to throw light upon many 
of the facts of cytology the meaning of which was pre- 
viously obscure ; and how it affords at the same time 
a criterion by which may be tested the truth of theories 
based upon the interpretation of minute phenomena 
only made visible by the highest powers of the micro- 
scope. The disinterment of Mendel’s discovery took 
place only nine years ago ; and the rapid manner in 
which the facts of cytology have been found to fall 
into line with Mendelian conceptions augurs well for 
the future progress of discovery in these fields. 
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feased. For an account of these the reader must be re- 
ferred to the admirable popular treatises enumerated at 
the cltwe of the present chapter. In spite of the rather 
wide divergence of these studies from those with which 
this book is mmnly concerned, the agreement between 
Iht conclusions on race-improvement drawn by the 
irtadonts of Genetics, on the one hand, and by those 
of Biometry, on the other, is a remarkable one, and 
may perhaps be taken to indicate that both these 
methods are right in their several directions. 

Consequently we propose attempting a summary of 
the line of researches and arguments which have led 
Galton to his present conclusion that the human race 
is capable of vast improvements in physique, in 
beauty, in character, and in intellect. The importance 
of this conclusion is augmented by the corollary that 
aajuisition of these improvements leads to a keener 
appreciation of their value, and, incidentally, to the 
greater happiness of mankind. But the student of 
Eugenics does not rest satisfied with conclusions. He 
proposes to utilize the great forces of fashion and 
public opinion as agents of modification and improve^ 
ment by diverting their influence into the right 
‘ direction and out of thdur present remarkably wrong 

direction. , ■ j- 

, Tl» first link m the chain of evidence was forged 
" long ago by Darwin, he showed how fax man 
had already ri8«m frcan a simpler and lower type of 
anlmsd. The evolution of man is now a part of the 
ordinary intellectual creed of most educated men, and 
yet few politicians or charitable people pause to apply 
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IhiS hrlipf to Ihr pir^nt or to fh«* ftitfiri*. 
ro.iIi!ti» tin* iuit Aignificanri* »4 Hu* nitricn, r>.j, fi 
fitan has rjs«’n in tho jrast. h»* m-iv >»t!l} riM- h»g 
iirjos yft to loiw; ti th»* tyjn* hi’' tjiid* t ««»»»•* mo 
fi*»n m th«* jiast, it may * vm now Is- « h.oHnnK. 
who movo tlw* (or* O'* o( i}i«*n*'v or »tf }*<tjm}.ir o 
shonUl liikr* ht'td how thfir a«ti*»ns ,i(lr*rt ihi 
and thfis'tion «( thi'» iwmiltiy tnonmnioti'i < h *11; 

Tho i’Vohiti«»n of man, hk** that of uthrr an 
is Iwlii’Vi'fl to havo turn latg«*lv ihm to th«' idf 
sofin tit»n. Wlmthrr th** v.uiati«iii(s t*Hi wfri* 
or small maki*s litlh* 4iff«a*‘n»t' tti Ihr argiumii 
fornmr ilavs this wh'^ itv** a« ii«»n W'.i * »'s«"ri<*d by 
cornja’tition, whirh hd (<» tli** survival of irnJiv 
endowed with ttprtam *j»i.ihtu's ami to llm •?xti 
of olhpf individuals iliib'i« tiily « «itistiini*'d. 

Moth'in vivihrs.ition and hittnatiitananiitn 
effectually H**t aside th«* a* lion of natural *ch 
The result »l the j»i«"a nt day rndi* ai*'s that the u 
pfogresM of the race has |»nibably almost * 
that there b every danger of finding that a «l«w 
journey h»» liegiin. Ihb is an inevitable »om 
to those who urcepl the welhesilablished fans (i 
men are not bom e(|iuti, but differ widely in 
birlbrigbt in resjiert of every jihysnal and t 
elmracter, and fa) that, altbougb every man is j 
become the fatlier o( a family, yet the teridei 
bring up large famtltes is brtommg irlativefy § 
unofig thuie cIomc* of society whuJi we must ; 
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tendency to degenerate can be combated and changed 
into an upward bias ? In order to discover such a 
means it is needful to gather all possible information 
with regard to the primary factors of organic evolution 
in the human race — that is to say, variation and 
heredity. GaJton was the first to show that the laws 
of variation and heredity in man are closely similar 
to the same laws in other organisms. He showed, too, 
that mental and moral characters are inherited just 
as strongly as physical characters — a fact which is 
by no means so generally appreciated as it should 
be, in spite of the further evidence adduced by Prof. 
Karl Pearson. 

Many people believe that the progress of the race 
can be directly and permanently affected by improve- 
ments in education and the amehoration of social 
conditions. It is certain that the qualities of any 
person — health, character, efiftciency, and so forth, 
dep^d upon his environment and upbringing, as well 
m upon his hereditary endowments. It is therefore 
necmary, before we proceed farther, to arrive at some 
estimate of the relative importance of inherent qualities 
and of education— of nature and nurture respectively. 
Practically the only piece of good evidence upon this 
point is one which we owe to the researches of Galton. 

Galton's data are derived from iiie history of twins. 
Now, human twins are of two khids. One of these 
kinds corresponds to the young of those animals which 
nonnally bear two or more at a birth, each being 
derived from a separate ovum, whilst the second kind 
is the result of the development of two embryos from 
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with a word about the growing dissimilarity being due 
to the action of the firm, free will of one or both the 
twins which had triumphed over natural tendencies ; 
and yet a large proportion of my correspondents happen 
to be clergymen, whose bent of mind is opposed, as I 
feel assured, to a necessitarian view of life.’ The only 
conclusion which can be drawn from these observations 
is that the relative influence of nurture as opposed to 
nature is very much smaller than has been generally 
supposed ; and this inference is confirmed by the 
history of dissimilar twins. The descriptions of the 
latter agreed without exception in showing an entire 
absence of convergence of character in cases where 
the whole training and environment were closely 
siraikr. From this evidence it seems right to conclude 
that the hereditary nature of a man is more important 
than his training and circumstances in determining 
his adult mental and physical equipment, and the 
result of common observation may be said to be in 
ifreement with this conclusion. 

You may educate generation after generation, and 
yet the starting-point from which each individual has 
to begin his struggle upwards may remain the same, 
even though each may struggle a little farther than the 
one who came before him. On the other hand, we 
have all of us met a few of those happy people to 
whom it seemed second nature to do the right thing, 
and for whom the difficulties of life appear to have 
no menace. These qualities are those of nature, and 
not of nurture, and their children will inherit th^n. 
Smne are bom great, some achieve greatness, and 
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' It is knovm that a considerable part of the huge 
stream of British charity furthers by indirect and 
unsuspected ways the production of the Unfit ; it is 
most desirable that money and other attention be- 
stowed on harmful forms of charity should be diverted 
to the production and well-being of the Fit. For 
clearness of explanation we may divide newly married 
couples into three classes, with respect to the probable 
civic worth of their offspring. There would be a small 
class of " desirables,” a large class of " passables,” of 
whom nothing more will be said here, and a small 
class of " undesirables.” It would clearly be advan- 
tageous to the country if social and moral support, as 
well as timely material help, were extended to the 
” desirables,” and not monopolized, as it is now apt 
to be, by the " undesirables.” 

Let us consider the relative birth-rates of different 
classes of the community. This is in itself a very large 
question. We have only space here to record a few 
figures, taken from a recent paper by Prof. Karl Pearson, 
than whom no better authority could be quoted. 

Here are a few of the figures, in terms of the average 
sise of family, childless marriages being excluded : 


Group I. 

Criminals . . 

.. 6-6 

English deaf-mutes , . 

. . 6‘2 

London, mentally defective . . 

. . 70 

Group II. 

English middle class 

. . 6-2 

London normal artisan 

.. 5-1 

English intellectual class 

• • 47 

19 
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ThH if iiil^» r0fi'-'ii<,|’*f diMii ili!- 

fliiil iiwiit^-rs «*f %\w fn^l pt*^h4^4\ m.iitv 

yriif^ r4rli<'r. *m tli«^ iIjui iii4-iiiii. |h nf 

mmn4 ilt«ti{i. tli^i m*itt il!v ilm 

fe|>rcMlts«iiig t-.ip'i41v 44 ilir- n 

l^tti;i! rkiw. In- .r. to ivli.il 

fc^lllt rif ^iirli II |it«fjf-Mrf lull . 1 % llii^^ lira 4 h^\ i,f* 
iHifilr Ffi'if. m%m i ' T||i^ pti^ 

©I I hr Mr** iin vilrtl»lv 4 (|<.mi«4iti <«'it 

in Um* fitirr «ljw k'*. H th.»t jirsm ij«5r Jx n«ti i< i «»j^n 
ai nxiiJinaii*' t»v flu* m‘'ni.»Hv a»4 }*<»4ilv fit ihfini#'! 
if the utaii^tii iii »l«» n«»l If « r|»! u ii>» ,i in ic 

JegWation, tli«*n Ih** !;»* *• mU .1. }|rnrt 4»«* uniiJ. tin 
info h.wh«ri»m. it may riw* ag.un Un«.oi:Ji ifw itnl* 
•tagis* of |njriti«'4iion hy rro»lf ii iiin.il .< }*•« ijr»ii,' 
it nmy iio .*nt4«*f|, nniil it fir iifiiiilnl-ii«'4 l»y « i 
cfRi irnt fieijKhinior. 

Witft rogatcl to tho riinsr ot tlii*»«* iitff<'r«'n< «■’* in 
|jirth*ratf* of i!iflrri*nt »« tioiH of liiif r timmiitnty, I 
eta be very iHlIf tlonbt lliot tin y an* Iarit4y 4ii 
deliberat# r«tr«int tm Iho jwri of tlir inf»H‘ prii 
and Inlrlligenl WItrn « (u nou but i> ■ 

by hi* own induitry to a certiiin »i,intiii4 «‘o«i 
and even luxury, lie naitirally tlrtire* to xiv*’ 
children a fair itart, and to iitiiire lor ilK'in jwi » 
dq|ree of eaise and iecttrily ; and if he lindit thai tj 
more eaulfy dtwe when the nninliei' of hi# lami! 
limited, it ta dtffkult to blame him 1*4 i.tfoiot «4 
of the fact. If thii da** of men l*.»4 tw4»- ejnl 
on the average than aw j»rfMhie*'4 l.y jK'.»| 4 e ii 
feritar »tati(^, It would mean tliai tfif < hii 
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comfortably situated would have to be contented with 
positions somewhat inferior, on the average, to those 
of their parents. This is precisely the condition of 
affairs most desirable from the point of view of race- 
improvement and from that of national efficiency, 
since any given position would thus be recruited from a 
better and not from a worse class than the one which 
previously occupied it. The individual may be par- 
doned if this is not what he desires to happen in the 
case of his own children. 

National education and the proposed feeding and 
care of the children of inferior stocks at the cost of the 
State are measures which will have certain definite 
effects upon the relative birth-rates of different classes. 

It is proposed to do all this at the expense of the 
fitter stock, which is thus rendered still less capable 
of raising, as well as still less disposed to raise, large 
families of healthy children. Such measures can only 
be justified by making at the same time every possible 
effort to correct these dangerous differences in the 
incidence of the birth-rate. Legislation in these two 
directions ought to go hand in hand. Indeed, the 
improvement in the supply of children ought for eyery 
reason to precede the improvement in the care and 
education of children ; for if the State cares for the 
children, it has a right to Insist that the supply of 
children shall be the best possible, and this is far from 
being the case at present. 

Remedies for the existing condition of tMn^ have 
t»cn proposed by would-be philanthropists from Plato 
downwards. But agsdnst all sugg^tions for running 

19— <2 
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the human racf nn tlm principle"; «*f the* •eftirl hirtn 
objection holds good which was put hu wai el !*v Huk 
‘W ho is competent to do the in v s'hrii 
H(>w can the pigeons he their own Sir John Sehrig 
‘ The points of a genitl or of a had citi/en, say ; Hu? 
* are really far harder to discern than those of a pt 
or a sliort-hom calf. Many do not shf»w lhems« 
before the practical dimciilties .>f htc stimulate t 
hood to full exertion. And by that tim.- the mis< 
is done. The evil stwk, if it be one. lias had tin 
mnltiply, and the seleetion is nullified. Anil the 
another objection. Tlie rntlilessncHS nei e%^.iry foi 
carrying out of th.> ineihod of deliberate selectii 
in itself so unsocial a ijuaUty that, if it were evi 
arise, soi'iety wouh! porlrably be far worse off 
before. The method is in itself ilirecttly opjrosi 
the development of the higher scrtal rpialitii*s. 

The student of Eaigenics must therefore endea 
to devi.se other methods, both for encouraging 
fertility of the better stock and for disttouraging 
of the inferior stock. A considerable niunbi 
specific suggestions have already teen made, 
a few medical men,’ writis Heron. * are urgirif 
propagation among the obviously unfit th 
with definite hereditary taints : the imfes ilet 
idiotic, the sufferers from syphilis an»l luhcrri 
should be authoritatively n^tramed.’ Gan if tw 
that such a proceeding wouUl te unduly iyfi 
Surely if these people iindershHul the irrcvie abh 
of heredity— if they only knew- they would be 
selves unwilling to hand on a tainted exister 
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future generations ! If there are people so debased 
that this argument does not appeal to them, surely 
such a crime against Society as a marriage of this kind is 
at least as open to coercive treatment as many of the 
acts which are treated as criminal by existing laws ! We 
elaborately prevent and punish paltry offences against 
property, and yet deliberate crimes like marriages 
between the Unfit are not recognized as criminal. 

Various suggestions for encouraging the multiplica- 
tion of the Fit have also been made. 

Mr. Sidney Webb, in his ‘ Decline of the Birth-Rate,’ 
has suggested indiscriminate help to all parents, since 
this should afford encouragement to those who limit 
their families for prudential reasons and at the same 
time leave the thriftless where they are. But here 
it is nece.ssary to point out that the existence of an 
unlimited population must of necessity bring want 
and misery to the lowest strata of society. The first 
object of Eugenics, Galton tells us, ‘ is to check the 
birth-rate of the unfit, instead of allowing them to 
come into being, though doomed in large numbers to 
perish prematurely. The second object is the improve- 
ment of the race by furthering the productivity of 
the Fit by early marriages and healthful rearing of 
their children. Natural selection rests upon excessive 
production and wholesale destruction ; Eugenics upon 
bringing into the world no more individuals than can 
properly be cared for, and those only of the best 
stock.' 

In the ideal socialistic community, in which, in 
addition to all the present varieties of civil servants. 
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all tho«ir fogagfil in -ifton, nil nirmlwTn 
Lrgisl.iHiri\ .ill rl»«'tor'* .m*! .ill l;iwv« r'', wonirl m 
drrivi* thru inrunn’H from th«* Nf.iir, ;t r(<»-nf 
linn of Mr. M«'linng.iH% miglif !«• |>n< mtn p 
Thin i'l In gradu.itn in«nnri '. 4<«n|i}n)(j to iJj,. j 
of rhiltlrcn. ThriJ* tlu* jmHilinir nf mnncil 
wmild la? tniidi’ mtirli f-urrr nti Huinr '•nrh *,< h 
thr (nllnwing : '^njijwwing lh«’ nal.iry nf a jui 
pent imd«*r nsi'tfing Knndifinn** In hf* £700 a 
Ikk hi'Inr «*n ij[iyinK the |»«*^! v%»<iiild Iw* j>.nd nir 
a yiMr {<»»>’). On his mairi.ig** an .rddition nf £ 
annum would h« m.nl** i«j his imninn, and a 
in'riuiwni would ag.iin takr plam at Ihi* h 
(•very rhild. l’nd»*r Ihn miultlinns he? 
this syslmn would apply to ihi* hulk of th 
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It must not be supposed that the writer is a special 
advocate of all or any of the suggestions which have 
been mentioned above. They are only alluded to in 
order to indicate the directions in which the problem 
of race- improvement may be attacked. 

The point of view which has been adopted in the 
present chapter is very well summed up in the following 
paragraph from a paper by Prof. Karl Pearson ; 

‘ As we have found conscientiousness is inherited, 
so I have little doubt that the criminal tendency 
descends in stocks. To-day we feed our criminals up, 
and we feed up the insane ; we let both out of the 
prison or the asylum “ reformed ” or " cured,” as the 
case may be, only after a few months to return to 
State supervision, leaving behind them the germs of 
a new generation of deteriorants. The average number 
of crimes due to the convicts in His Majesty’s prisons 
to-day is ten apiece. We cannot reform the criminal 
nor cure the insane from the standpoint of heredity , 
the taint varies not with their moral or mental conduct. 
These are the products of the somatic cells ; the disease 
Ite deeper in their genninal constitution. Education 
for the criminal, fresh air for the tuberculous, rest and 
food for the neurotic— these are excellent. They may 
bring control, sound lungs, and sanity to the individual, 
b»it they will not save the offspring from the need of 
like treatment, nor from the danger of coUapse, when 
the time comes. They cannot make a nation sound in 
mind and body ; they merely screen degeneracy behind 
a throng of arrested degenerates. Our highly developed 
human sympathy vrill no longer allow us to watch 
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the State purify itself by aid of crude natural seliTf ion. 


nurture, over which he had no control, have madi 


in, crying, “ Let the reprieve be accepted, but next 
remind the social conscience of its duty t«> the race. 
No nation can preserve. it.s efficiency iinh'SH dominant 
fertility bt; assiKuated with the mentally and physically 
fitter stocks. The reprii^ve is granted. Init let there 
be no heritage if you would buikl up and prewuve g 
virile and efficient jM'ople.' 

Signs are not wanting that a few thoughtful people 
outside the ring of scientific enthusiasts are latginning 
to take a serious interest in the qu«*stions of race- 
improvement and national efficiency. But Iwfore any 
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character, I have thought it proper to conclude 
chapter on Eugenics with a brief reference to the 
and objects of this society. 
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naturally to group themselves is afforded by the law 
of inheritance discovered by the Abb6 Mendel about 
the y(‘ar 1865. This discovery has rendered possible 
that rapid advance of the science of genetics, or the 
stiidy of the hereditary phenomena of organisms, 
which has taken place during the first few years of the 
twentieth century. It is the writer’s avowed opinion 
that Mendel’s brief paper is the most important con- 
tribution of its size which has ever been made to bio- 
logical science. Little apology is therefore needed for 
formulating once again the law based by Professor 
Correns upon the conclusions which this paper contains. 

Mendel’s law relates to the inheritance of certain 
deftnite characters, which have since been called allelo- 
morphs. It is a distinctive feature of allelomorphic 
characters that they are found to group themselves 
naturally into pairs of more or less antagonistic 
qpialittes. In many cases the pair is represented by 
the presence and absence respectively of a certain 
definite feattire. The two allelomorphs of a pair may 
be cmiveniently written as A and a. 

We have seen that the cells of zygotic organisms— 
tMTganisms, that is to say, which have arisen by the 
process of sexual reproduction — contain a double 
®>inpten»nt of hereditary qualities. Such cells may 
contain A and A , a and a, or A and a. The forms A A 
and m are described as homozygotes, the form Aa as 
a heterozygote. In the simpler cares we are enabled 
to Study the behaviour of such a single pair of aUelo- 
morplis by itself, without reference to mty other features 
which the animals or plants under consideration may 
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allflomorplis is found in almost all cases to be perfectly 
cotnj)lete. 

This complete segregation of the two allelomorphs in 
«‘tjii:tl nunilxTS of the germ-cells of a heterozygote 
constitutes the first and most important section of 
tite generalization known as Mendel’s law. 

The s<!Cond part of the law refers to the fact that, 
as a general rule, separate pairs of allelomorphs segre- 
gate quite independently of one another. To this rule 
a few {‘xceptions have been recorded in cases where 
apparently distinct pairs of determining factors behave 
in segregation like a single pair of allelomorphs. In 
sucli cases we regard tlie members of the distinct pairs 
of alk’lomorphs as b<‘ing coupled together, although no 
serious attempt has yet been made to picture the way 
in which this cmqding comes about. In other cases, 
again, the coupling seems to be only partial. These 
phtmomena are not yet by any means completely 
understood. 

The fact that in the great majority of cases separate 
l^irs of allelomorphs segregate independently of one 
another tends to the possibility of new combinations of 
tlie parental characters being formed in the germ-cells 
of the cross-bred individuals ; in fact, this must always 
happen when the parent types differ in more than 
one pair of segregabte characters. When two similar 
germ-(»ns, each bearing the same new combination of 
allelomorphs, meet together in fertilization, tibe result 
is a new zygotic combination which is a pure type in 
respect of the characters concerned, and henceforth 
breeds true. Thus if AB .AB is, cro^ with ab . S 
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this other complementary allelomorph is introduced, 
however, by crossing with an individual which contains 
it, the feature previously hidden becomes visible, giving 
rise to the phenomenon which has long been familiar 
under the name of reversion on crossing. The demon- 
stration of these invisible factors, and of the fact that 
they also olK:y Mendel’s law with perfect regularity, 
is surely one of the most remarkable discoveries which 
liave ever btsen made in the whole history of biology. 
This, again, is a piece of knowledge which may be of 
the very greatest importance, not only to breeders of 
bright flowers, some of which are already known to 
exhibit the phenomenon described, but also in aU 
da^s of breeding work where similar facts doubtless 
await discovery. 

To the tnan of science, however, the practical aspect 
of tln'se achievements will be of little account in com- 
parison with the importance of their application to the 
advanoi of hitman knowledge in that most fascinating 
of scienfifie studies — biology. Let us, then, turn to 
consider the way in which Mendel’s discovery affects 
other branches of biological science. 

We have so recently had occasion to point to the 
remarkable coalition betwen Mendclism and cytology 
that little more need be said here upon the subject. 
Mendel’s theory ha«, indeed, thrown a flood of light 
upon the meaning of the microscopic phenomena 
exhibited by the minute constituent parts of the cells 
of Jiving organisms, phenomena the meaning of which 
could only be vaguely guessed at previously to the 
iiilrmluction of tte new H«tlu>d. 
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The intimate connection between Mendelism and 
cytology rests to a large extent upon the cIom* |),iraUel 
which exists between the behaviour o{ alli losnorplite 
characters on the one hand and that of chroniosi^>nM;s 
on the other. 

In the germ-a'lls of the higlier animals tlw allelo- 
morphs of the Mcndelian Ix’wme segregated. b*ing 
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number of comparatively lowly organisms, the majority 
of which dwell submerged beneath the surface of fresh 
or siilt water. In such members of the green alg® as 
hav<; so far been examined from this point of view, it 
would apiK'ar that the 2a:-generation is exclusively 
represented by the single cell which arises as the 
actual product of conjugation between a pair of 
gametes. Reduction takes place in the actual zygotic 
ojll, so that each of the products of this cell’s division 
sliows once more the reduced number of chromosomes. 
Thus the great bulk — the vegetative mass — of the 
species is constituted by the jf-generation, and the 
a;e*feneral ion is composed of a single cell only — a state 
of things which is exactly the reverse of what is to be 
seen in the higher animals. 

In the vegetable kingdom evolution seems to have 
been accompanied by a gradual increase of the 2 *- 
generation, and a corresponding reduction of the 
»-|^neration in point of importance. Between the 
two extremes afforded by the algae on the one hand, 
and the flowering plants on the other, we can tra<» a 
series of intermediate stages represented by ts^pes in 
which many other features also must be repxded as 
standing on intermediate planes of organization. 

As an example of an intermediate condition of this 
kind, we may take the case of the ferns. 

Hie fem plant, as connnonly understood, represents 
the a»”pneration. The method by which the life- 
history of the fem plant is continued is by the forma- 
tliai of unicellular reproductive bodies which are 
known as spores. The formation of the spores takes 
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stamens or with pistils, or more usually with both, we 
find that the x-generation has become still further 
redxiced, so that it no longer occupies an independent 
phase of th^ life-history, but has come to be entirely 
deixjndent upon the 2A:-generation for its support. 

A plant which bears both stamens and pistils gives 
rise to spores of two kinds, differing greatly in size. 
The smaller spores are represented by the pollen-grains, 
and in these, after one or two cell divisions, unaccom- 
panied by growth, the one or two male gametes are 
produced. Tlie small association of cells arising in this 
way is all tliat is left of the ^-generation on the male 
side. 

The nucleus of the larger spore also divides a few 
times, and one of tlie final products of division becomes 
the ovum. Spore and ovum, as well as the few inter- 
wning alls, bear the reduced number of chromosomes. 
Tlie jr-generation thus represented is never set free, 
but remains enclosed in the tissues of the 2;c-generation 
right up to the time of fertilization. In the process 
of fertilization the double number of chromosomes 
characteristic of the 2 z-generation is once more 
arrived at. 

Wc can look upon the 2 A;-generation of the higher 
plants as Ix'ing formed by an expansion of the fertilized 
ovum. The zygote, instead of comprising a single cell 
only, by dint of delaying the reducing division, has 
con» to consist of a great ma^ of ceUs, all tbs nuclei 
of which contain the double number of chromosomes. 
TItis fact is also our excuse for applying the same term 
of zygote to tlie all produced by the conjugation of 
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gametes, as well as to the mass of o‘lH to w!ii<*h 
zygote (in the strictest sens*') eventnallv giv«‘s 
In the simplest forms, such astir goeit aig.r. the 

and nuclear-fusion constituting eon are nr 

diately followed by fusion of the t hromoonrs 
event which w*? have seen to he the tiint sk-p tow 
,1 reduction in the nuinlrr of tile's* IwKlieH. In 
higher plants, by delaying this fusron of elinunosr 
until many cell generations later than the fusion i»f 
nuclei, the advantages associati tl with tlie possi i 
of a doulde nucleus have Iren <»htained for a large 
complicated mass of cells. Anil this mass luts gr 
ally advance d in organization am! relitive ifn|»orfii 
until ultimately tlr *-generalion has Iren ri!il 
almost to the vaiiisliiiig jariut. 

The sex-plwmomena of the liiglrr .urimals can t 
readily In* brought into line with thosi* of the hi 
plurts if we consid»*r that in anjtn.iis tin* aiii 
gamete are itlentical ; tlr *-gcneration i» Irnt 
densed into the smallest possible limits— namely, t 
of a single cell. 

A female animal produces ova, and a mal« po ^ 
sirrnmtozoa. Similarly, we may regard m a fr 
plant one wliich produars only th*! Urger varkt 
sirores from which ova arise ; and w<; rmiy legard 
nmlc pknt one which produces only polten. 
much more usual to find a flowering plant tearing 
pistils and stanwiis, and producing both large and i 
spores. Such an organiwtn is describ ^ 
phrodite— bearing both sexes, Among aiittoaii 
amplesof hermapltrodite species arc also not 
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at the expense of the ^-generation. Starting with 
lowly aquatic organisms, and passing upwards through 
the mosses and ferns to the flowering plants, we find 
a steady diminution in the ^-generation, whilst the 
vcgi'tative labour of the plant is taken over by the 
2*-generation. It is, therefore, proper to suppose that 
organisms in which the main stage in the life-history 
is of double origin, and bears a double complement of 
hemditary factors, have some advantage over organisms 
in which this is not the case. We cannot, of course, be 
certain as to the exact nature of this advantage, but 
we may point out that it is only in the former kind 
of organisms that the operation of Mendel’s law can 
lead to the production of new combinations of parental 
characters in the body which represents the main stage 
of the life-history; and that this circumstance may 
possibly lead to a greater power of adaptability to 
external circumstances. 

Perhaps the most interesting application of the infor- 
mation afforded by Mendel’s discovery is shown in its 
bearing upon tl^ question of di^ontinuity in the origin 
of species. The fact of the deteite and discontinuous 
inl»ritan<» of the differentiating features which dis- 
thiguiah cultivated varieties fibrn one another would 
pwnt wry plainly to a belief tliat sudhi differences had 
arteen in a definite and discontinuous manner, even if 






DISCONTINUOUS VARIATION 


311 


itnsigining &ti asynunctrical miclda-r division taking 
place immediately before the formation of the germ- 
(»Us, and this would lead us to expect a mutating 
species to give rise to more than one new kind of 
offspring at the same time. Such was actually the case 
with the CBnothera Lamarckiana studied by de Vries ; 
and this observation stands as the most complete piece 
of evidence of a mutating species so far known to us. 
We may be assured, then, that the complete potential 
nature of new types as well as of old ones is ^eady 
laid down in the germ-ceUs previous to fertilization. 
As Bateson puts it : ‘ For the first time in the history of 
evolutionary thought Mendel’s discovery enables us to 
fom some picture of the process which results in 
genetic variation. It is simply the segregation of a 
new kind of gamete, bearing one or more characters 
distinct from those of the type. We can answer one 
of the oldest questions in philosophy. In terms of 
the ancient riddle, we may reply that the owl’s egg 
existed before the owl; or. if we hesitate about the 
owl, we may be sure about the bantam.’* 

* Let us consider a Uttle more closely the evidence of 
mutation afforded by de Vries’ studies of CBnothera 
Lamarckiana. Semi-wffd specimens of this species, 
when transplanted and carefully observed, were found 
to yield nearly 3 per cent, of seedlings which differed 
^itely from their parent, and amo^ to 
some fifteen distinct new sorts were Resented So^ 

of tl« new species equalled or even surpassed the parent 

♦ Britofi A8sodati<m. Cambridge, 1904- Address to the 
Zoological Section, p- i 4 * 
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pr^ttition of tlic bcfisviour of CRitofhsfct ILufnuTchiu'Hci is 
not by any means an easy matter. 

As enunciated by de Vries, the theory of mutation 
amounts to a very complete and definite hypothesis. 
A large part of this author’s suggestions are, however, 
almost purely speculative, and for this reason we have 
treated the whole at somewhat less length than it per- 
haps deserves. Some of de Vries’ speculations are, 
indeed, more picturesque than convincing. 

Thus, de Vries regards the number of unit characters 
—each of which has arisen by a single mutation— to 
be quite limited, even in the highest organisms. 
Three or four thousand such characters, he thinks, 
nmy go to build up the hereditary endowment of 
the most complicated species. He further supposes 
a period of mutation to recur, about once in 4,000 
years. Four thousand multiplied by 4,000 gives 
16,000,000— -the number of years required to evolve 
the lords of creation from a ‘ primordial protoplasmic 
atomic globule.’ And he points out that this estimate 
is vwll within the limits of geological time as allowed 
by the physicist. In this way de Vries believes that 
his mutation theory removes a difficulty which besets 
the selection hypothesis— the difficulty, namely, of 
Insufficient tiim. The setectionist may reasonably 
reply that the amount of change necessary to produce 
in 4,000 years, by the gradual method, a difference 
equal to that represented by a single unit character, 
mi^it very wen be quite imperceptible in a single 
pueration. 

We may summari;^ our present conclusions as to 








mm MAiOTMicuiatc. inaue xae experiment oi 

dividing individual plants into two portions, plant- 
ing one part at a high elevation and the other near the 
level of the sea. In a few years the plant grown on 
the mountain had taken on the full alpine habit, 
whilst that grown on the plain retained the ordinary 
appearance of the species. In this way very con- 
siderable differences in habit- were shown to be directly 
deixmdent on external conditions. 

In some few cases the environment determines the 
production of perfectly definite and discontinuous 
features. The water ranunculus, when growing sub- 
merged beneath the surface of a pond, produces leaves 
the blades of which are cut up into a great number of 
fine thread-like segments. As soon as the top of the 
plant reaches the surface of the water those leaf rudi- 
ments which are just commencing their existence pro- 
ceed to develop in a totally different fashion. The 
leaves to which they give rise possess a wide and undi- 
vided blade, which floats upon the surface of the water. 
Hie two sorts of leaves are as utterly different ha 
appearance as it is possible for leaves to be. Yet the 
effect of external conditions upon the young kaf- 
rudin^nt determines which of the two kinds is to 
appear. 

In this instance we see a discontinuous change in 
conditions — the change from water to air as a sur- 








different shapes. And thus the great variability of 
the species of corals, for instance, is doubtless deter- 
mined to a large extent by the influence of different 
environmental conditions. 

Strictly speaking, the term variability ought not to 
l>t‘ applied to modifications of this description. It will, 
{x-rhaps, Ixi most convenient, however, to distinguish 
IriM! variations— having their origin in differences 
among tlie gttrm-cells — as genetic vea'iaMons, contrasting 
them with the acquired, variations which arise during 
the development of individuals. 

Enough has now been said to show that it is a very 
difltcnlt matter to distinguish in the case of continuous 
variations between those which are genetic and those 
which are acquired. 

It is easy to understand how acquired variatiems 
^me to be continuous, and to obey the law of normal 
variability. We saw that the normal distribution of 
characters was induced by the random operation of a 
multitude of small causes. During the development 
of tto individual a great number of different external 
infit^nces come into play* leadhig to ^ight modifications 
of every part, now in (mmi dnection, now in another, 
Xhk being w, we may be quite sure that a large pro- 
portion of the normal variability which any species 
Bsdubits is acquired. 


fallacy which has kd to the lr>nf«-rontint$*-4 ?< 
the inheritance of acqiiio'd character?! iw an im 
factor in organic evolution, in spite of m man 





this way the separate lines are kept distinct. Where 
cross-fertilization takes place between the members of 
different pure lines the case becomes enormously com- 
plicated, and this is much the most frequent instance 
wliich we have actually to deal with. It has been 
suggested that the members of different hnes when 
crossed together may display Mendelian phenomena, 
but the existence of so large a proportion of acquired 
variability renders the problem of analyzing the result 
almost insuperable. We have seen, however, that the 
numerical results obtained by the biometricians do 
not appear to be inconsistent with the existence of 
Mendelian inheritance in populations. 

We find, then, that the questions of inheritance of 
acquired characters and of evolution by the aid of 
iKHitinuous genetic variations are not yet absolutely 
settled. But the evidence seems to be such that for 
all practical purposes the former factor at least may 
be cbsregarded. MMuawhile the number of cases in 
which discontinuity of inheritance can be shown to 
hold good is coratantly increasing, and the analysis of 
some cases of suppos«i continuous variation into dis- 
continuous Mendelian factors has already been made. 
It may be safely concluded that a very large part, if 
not the whole, of evolutimi has taken place by the 
di^ontinuous method. 


tlw" way in whkli iidii{>tiiliotw ihi\r ii* 

whU’h oinft into c'xbit'no’ (h *j*!4vn»>' ■< ) 
htrncturf, which hapjwncd to t*»» » 

n«tw function or suited to ti paritcul «r tv I*** » 
survived and flourished rxo etlinKlv, 
imdesirahU* organs apirarrd ,m4 

more Seen. To take Aristotle's ex-tiji|'t<-. 
were to l>e born with molars in fioni .uw! t 
the back of his jaw Iw would die- at !• asi. n 
before dentistry. Having his teeth in the 
in which thev actuallv stand (.dihough no 


iww uccM 6AVCAA «iiJLccL Liic xiuiiian race ixseii. ine 
question of improving the human stock in this country 
has lately excited a good deal of attention. But 
without a scientific knowledge of the factors upon 
which improvement and degeneration depend the dis- 
cuwion is not likely to be of much profit, and in such 
a case misdirected energy may be even worse than 
apathy. Without venturing to make any very positive 
suggestions, it may at least be pointed out that our 
present practice in these matters is in almost every 
case the very worst possibte. 

Professor Karl Pearson has lately shown how the 
low birth-rate of the professional and middle classes— 
the classes amongst which the intelligence of the 
nation is to a large extent segregated — Pleads to the 
recruiting of these classes from amongst the lower and 
lera inteUigent strata of society. In other words, a 
steady breeding out of intelligence is taking place. 
Recc^ising that intelligence is an important factor in 
national greatness, w© proceed to remedy this defect by 
endeavouring to reduce the infant mortality among the 
less desirable cla^s, and by ofiering every inducement 
to the productiem of large families by the lower strata 
of society ; indeed, we propose to remove from theto 
all mponsibUity for die production of children, and to 
f«sd and house the latter as we already educate thm 
(save the mark !) at the expeme of the State. 


unimportant in contparmon witii th<’ liifct whi* n w« 
be produced by the s«*tet tjon m( individii.ilii ' 
ex!iibit tiesimblc qualities. The deinaiul tor n !h^ 
birth-rate ought to apply strictly to th’sirafc 
instead of this the cry is for edurafnm and pin’s 
training, proa’sss’s which can have nr» ji* rm«t! 
bt'iuTicinl effect ujwm the race. 

One writer who holds to some extent tin* atteni 
of the intelligent public has rea)gni**d the true st 
of affairs - 1 mean Mr. Ih*rnard tihaw. ilnfortunat 
the public does not take Mr. llernard Shaw wriou 
wlttitttin, when I recall Mr. Shaw’s publislrd views 
such topics as vivistjciion and tlie ntstdica! profrssi 
the public hits my sympiithy. Nevertheless I knov 
no better expression of the moriil to be tirawn s. 
the science of genetics tlnm that which is embO'li* < 
the following piu^iage *. 

* I do not know wlietter yon Iiave any lUusions ] 
cm tlw subject of education, prr^M, and so fen 
I have none. Any pamphktecr can show tlM way 
better things, but wten tl»re Is no will tl»re Is no w 
My nurse was fond of renwirking that you cannot mt 
a silk pur* out of a sow’s ear, and tfw more I sere 
the efforts of our churclies and universit ies and liltn 
sagss to raise th& mai^ above its <wn level, s! « 
convinced I am tint my nunt was right. !' ..i 
mn do ludhlng Imt mate the most of u» all as we i 


ments are negligible as elements in practical heredity 
has demolished the hopes of the educationists as weU 
as the terrors of the degeneracy-mongers, and we now 
know that there is no hereditary “ governing class ” any 
more than a hereditary hooliganism. We must either 
breed political capacity or be ruined by democracy, 
which was forced on us by the failure of the older 
alternatives. Yet if despiotism failed only for want of 
a capable benevolent despot, what chance has demo- 
cracy, which requires a whole population of capable 
voters— that is, of political critics who, if they cannot 
govern in person for lack of spare energy or spedfic 
talent for administration, can at least recognise and 
appreciate capacity and benevolence in others, and 
so govern through capably benevolent representatives ? 
Where are such voters to be found to-day ? Nowhere. 
Promiscuous breeding has produced a weakness of 
character that is too timid to fa.ce the full stringency 
of a thoroughly competitive struggle for existence, and 
too kzy and petty to organize the commonwealth 
w-operatiwly. Being cowards, we defeat natural 
•election under cover of plulanthropy ; being sluggards, 
we negfect artificial selection under cover of delicacy 
and morality.’* 

Mr, Slmw recognises, however, that our knowledge 
if at present insufficient to prescribe for the breeding 
• ‘ Man and Snpennan,’ p. »dii 
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of a * Superman,’ evrn if we were ahl«* to come tr 
agreement as to what qualit ies are the most tfcsir 
Nevertheless it is along the lines which we 
deavoured to indicate that such knowledge mu; 
sought in tlw* future. 



glossary 

[Many technical terms not included in this glossary are 
in italics on their first appearance in the body of the 
book, and their meaning is then defined. Such definitions 

may m disemmd on a f$f$rmc$ to the index.] 

Adawation. — A teleological explanation of the corre- 
apottueaco often shown between the structure and habits of 
a particular creature and the environment in which the 
creature lives. 

AtBiNo.—An animal or plant characterized by the absence 
of colouring matter from its externai tissues. 

A1.0JK.— A group of plants, mostly aquatic and of re- 
latively simple organization. 

Anther.— The upper part of a stamen, containing the 
pollen. 

Atom,— —T he smallest part of a chemical element which 
can exist as such. 

Axtt.— The angle enclosed between the base or stalk of 
a toaf and the stem upon which the leaf is borne. 

Bimomiai. Nombnclatorb.— T he application of a double 
name to an animal or plant, the first name being that of 
the genus, the second that of the specie. 

Bioumv.— The science of the phenomena of life. 

Biomstry.— The application of statistical methods to 
Mologicat problems. 

Botany.— The scimttific study of plants, 

Cai,¥ 3 {.— The ouf^mnost whorl of fioral leaves, which in 
the bud usually enciosM the other organs of tae flower. 

Ckaractsr. — In heredity, a single definable attribute. 

CtAss.— One of the larger subdivbdons of the animal 
Uagdom— mammals, birds. 
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loNKOOs. — Produced in connection with great heat. 

Imbreeding. — The mating together of near relatives for a 
number of generations. 

Larva. — ^The young of an insect after it has emerged from 
the egg“«.g., a caterpillar. 

Maktidae. — A group of predatory insects. 

MAXttLARY.-— Connected with the mouth parts. 

Mori'Hology.— The study of form and structure. 

MoTAtiON.^ — ^The sudden origin of a new species at a single 

step. 


Organism.— A living creature. 

Ornithologist.— A student of birds. 

OvARV. — In animals the organ which produces ova. In 
plants the organ which contains the ovules. 

Ovum. — The female gamete. 

Ovule.— The structure surrounding the spore which gives 
rise to the female gamete or ovum in the higher plants. 


Petal,— One of the (usually) coloured leaves composing 
the corolla, 

Petaloio.— Resembling the corolla, usually m the circum- 
stance of being coloured. 

Pkvsioloov.— T he study of the functions of organisms. 
Pin-eyed.— Having the stigma on a level with the tlnoat 
of the corolla, and the anthers lower down, enclosed wittiin 

the tube. „ , . . , . ,, 

Pistil.— The central organ of a flower, which cont^ the 
ovules, and ultimately becomes the fruit, or the chief part 


of It 

Pollen.— Those spores of the flowering plants which 
prMuce the male gametes. 

IhiLi.iNATiON.— The transference of poUen to the stigma of 


Pmimaky, Secondary, and Tbrtiasy 
great divisions of geological time dnring which the known 
fossMiferous strata were deposited. 


Radical LRAVES—Leaves arising immediately from the 

fwlostock Itt tti0 for® of ^ roMtte» 
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Mkveisiom,— T lie ri?a.p|i«ariiaic© m llw cifcpriiii! a 
dmracter prcifwr In a mom or lm» mmom niirc^fnr* .ifni tint 
«lliibi!erl Isy tli« ifiiliicilinlo pamiltB. 

HciiirEits.-- A kifiii of iniiiiitii ^qtmUc imimaiii* 


HicctMENT.*— diit! of it mtim of mors or te§i Iriiii*- 

veime rMvisioii*i. 

Si?sKtLE,-4oxerl iiii«l itaiioiiftry* twl Cirt ilif' strict rnttm} 
wittiotif II «talk. 

SoM4Tic\ flelriiigiiig to tho tody of *% rygoto< 

SwiCJiiH, A groiip of orgmiii^itw ill cki-^ly 

ilntikr iip|x»4r.iiirf% 

Si*RriE% group of orgiiti.kftl% ImkmmI to |i4%*o 

ariwii by ii niiibitkin. (Jorilnn fliil not,* Itnwi'sr* 

fto4 

Sroirr*— A m-irted iiiiitittloii— oilsii oiie fcctiftiiig iitiilcr 
clomeitkiitkm. 

orgiiiiA of m Hows? wtiidi tmm lli# fwllitt* 

STA.fii.m«p*«-Tlia largs, iiprigiil nl Hit to«:k «l iiicti 
a iowtr m fiimt of Hi# 
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